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ABSTRACT

This research supported the development of a Handbook to provide practical assistance to
airport operators facing the challenges associated with managing constrained parking facilities.
Research was focused on strategies to address public parking constraints, ranging from capacity
improvements to influencing parking behavior through strategies such as pricing and technol ogy,
while alternative employee commute strategies aimed at the reduction of employee demand for
parking were reviewed to address employee parking concerns. The Handbook provides guidance on
methods for (1) predicting future constrained parking conditions, (2) predicting the outcomes of
strategies being considered to address constrained parking, including development of a predictive
model to understand the effects of strategies, (3) evaluating the outcomes of strategies adopted to
relieve constrained parking, and (4) selecting strategies to relieve constrained parking. The
predictive model was developed to evaluate its effectiveness as atool for making informed decisions
about strategies that would best address parking constraints at an airport. The Handbook also covers
issues related to constrained employee parking and alternative commute strategies to reduce demand
for employee parking. Operators of airports where parking conditions are currently constrained or
are anticipated, whether policy-driven or aresult of physical or financial constraints, will benefit
from this research.
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EXECUTIVE SUMMARY

The research conducted under Airport Cooperative Research Program (ACRP) Project 10-06,
A Handbook to Assess Impacts of Constrained Airport Parking, as presented in this report, supports
the development of a Handbook to provide practical assistance to airport operators and others facing
the challenges associated with managing constrained airport parking facilities. The Handbook
provides an understanding of the issues airport operators face in dealing with constrained public and
employee parking facilities. The Handbook provides guidance on ways to (1) predict constrained
parking conditions, (2) predict the outcomes of strategies being considered to address constrained
parking, including development and use of a predictive model, (3) evaluate the outcomes of
strategies implemented to relieve constrained parking, and (4) select the appropriate strategies to
relieve constrained parking. Constrained employee parking is addressed a general review of
alternative employee commute strategies aimed at reducing employee demand for on-airport parking.

This research project included the devel opment of a predictive model to aid in understanding
the effects of various strategies intended to resolve public parking constraints at airports. The model
was developed to evaluate its effectiveness as atool for making informed decisions regarding the
strategies that would best address parking constraints at a specific airport. The operators of airports
where parking conditions are currently constrained, or where parking conditions are anticipated to be
constrained in the near future, whether policy-driven or as aresult of physical or financial
constraints, will benefit from this research.

PROJECT OBJECTIVES AND SCOPE

The primary objectives of this research project were to (1) develop a Handbook that airport
operators and others can use to assess the effects of constrained public and employee parking at
airports and (2) evaluate the benefits of atool developed specifically for ACRP Project 10-06 to
predict the outcome of strategies being considered to address constrained parking. For airports where
constrained parking exists or is anticipated, the Handbook provides guidance on methods to quantify
the effects of potential changesin airline passenger and employee access to the airport resulting from
implementation of strategies, such as changes in parking rates, the provision of new or improved
public or private transportation services, and the introduction of remote parking facilities. The
Handbook should enable airport operators and others to better understand, anticipate, and evaluate
the effects of changesin airport parking and ground access strategies where parking constraints exist
or are anticipated.

To achieve these objectives, the scope of the research included areview of current public and
employee parking constraints at U.S. airports, including analyses of the strategies implemented at
these airports to understand the effects of those strategies on parking customer behavior. The scope
of the research project also included the development and evaluation of a probabilistic forecasting
model based on stated preference surveys of airline passengers. The model relates ground access
mode conditions to passenger access mode and parking choices. The purpose of model evaluation
was to determine the usefulness of such amodel as a predictive tool. The scope of the research
project was focused on promoting the development of practical applications of strategies and
predictive tools at those airports where public parking is constrained.



KEY RESEARCH FINDINGS

In addition to developing a Handbook to assist airport operators and others in addressing
constrained parking conditions, the research team investigated several key issues regarding the
relationship between constrained public parking and airline passenger behavior. These issues
included how constrained airport parking affects passenger mode choice and passenger choice of
airport within aregion with competing airports. The value of the predictive tool developed for this
research project in evaluating strategies being considered to address constrained parking was aso
assessed.

Constrained Airport Parking and Airline Passenger M ode Shares—When airline
passenger decisions on airport ground access mode are influenced by constrained parking conditions
at the airport, passengers tend to choose private automobile pickup and dropoff modes at a
significantly greater rate than high-occupancy vehicle (HOV) modes. This mode shift, from driving
to the airport and parking a private automobile for the duration of the trip (i.e., two ground access
trips) to being dropped off and picked up at the airport by afriend or relative (i.e., four ground access
trips), results not only in increased curbside congestion, but also in increased vehicle trips to the
airport, increased roadway congestion, and increased vehicle emissions. This understanding of mode
choice shiftsin the airport environment is critical when policy makers evaluate the advantages and
disadvantages of adopting a policy aimed at reducing vehicle trips by limiting parking supply (i.e., a
policy-driven parking constraint)—it is unlikely that such a policy would be successful given the
unique travel behavior of airline passengers.

Constrained Airport Parking and Airport Choice—For those airports located within a
competing system of airports, constrained airport parking at one airport is not a significant influence
on airline passengers choice of airports. Airline passengers located in metropolitan regions served
by multiple commercial service airports do tend to consider other airports when planning their trips;
however, trip cost and minimizing travel time (such as the availability of direct and frequent flights
to the airline passenger’ s destination and the total travel time of the ground access trip) were the most
important considerations influencing airport choice. The availability of parking was not a significant
determinant of airline passengers’ choice of airports.

Value of Predictive Toolsto Assess Strategies Addressing Constrained Public Parking—
The value of using a predictive tool to assess the potential influence of specific strategies adopted by
an airport operator on airline passenger parking behavior in a constrained parking environment was
demonstrated through this research project. Stated preference surveys of airline passengers are a
powerful means of developing predictive relationships between policy changes and the probability of
airline passenger ground access mode responses to the policy changes. The results of the stated
preference surveys were used to develop a constrained parking forecast model that enables airport
operators and others to test these relationships and develop an understanding of the effects of such
strategies when addressing constrained parking conditions. A general airport parking forecast model
can be downloaded from the Transportation Research Board (TRB) website and used by airport
operators to test policy scenarios at aplanning level. To use the model, analysts must either know
the resident airline passenger mode share distribution for the airport or have a general understanding
of thisdistribution. Alternatively, airport operators and others can build on the methodology and
findings of this research project to develop a parking forecast model specific to an individual airport
environment.



Strategies Influencing Airline Passenger Ground Access Behavior in a Constrained
Parking Environment—A menu of strategies was developed for airport operators to consider
implementing to influence passenger ground access behavior in a constrained airport parking
environment. These strategies, along with the financial, vehicle traffic, environmental, and customer
service considerations related to each strategy, are presented in the Handbook developed as a product
of this research project. This menu can serve as a consolidated list and valuable resource of the
various strategies airport operators have tested when facing a constrained parking environment.

Constrained Employee Parking— Most airport operators tend to believe that employee
parking constraints are easier to solve than public parking constraints. Airport employeestypically
drive to the airport in single-occupant vehicles, and airport operators tend to find solutions to
accommodate the demand for employee parking rather than to influence employee commute
behavior for several reasons. Peaksin airport employee parking demand are easier to accommodate
because they are more predictable and less pronounced than peaks in public parking demand.
Furthermore, airport operators typically have more flexibility in locating areas to accommodate
employee parking as opposed to public parking. On the other hand, public transit service schedules
may not accommodate employee work shift schedules and thus may not be a viable option for many
employees, and airport operators may even be obligated to provide parking for airport tenant
employees under use and |ease agreements with those tenants. Although many airport operators offer
programs or incentives to encourage their own employees to ride-share or use transit to reduce
commute trips to and from the airport, it isless common for airport operators to collaborate with
other airport employers. Because airport operators typically employ arelatively small share of the
total airport employee population, a collective effort among airport operator and tenant employersis
needed to significantly reduce the employee trip rate generated by the airport employee population.

RECOMMENDATIONS

Several key recommendations are suggested as a result of the findings of the research
conducted under ACRP Project 10-06:

Data Collection Plan—To facilitate application of this research, it is recommended that
airport operators devel op a data collection plan to capture data both before and after strategies are
implemented to alleviate constrained parking conditions. Analysis of these data can provide a
guantitative evaluation of the results of implemented strategies. Furthermore, it is recommended that
airport management develop goals and objectives for the parking program to guide decision-making
on strategies being considered to alleviate constrained parking conditions. The data collection plan
should be designed to measure achievement of the airport operator’ s goals and objectives for the
parking program. Asairport operators collect and retain before and after data, additional research
could include analysis of these data to further assess the capabilities of the predictive model and
other practices recommended in the Handbook to predict the outcomes strategies implemented to
address constrained parking conditions.

Stated Preference Survey and Predictive Model Refinement—This research included the
development of amodel for airport operators to use to predict the outcome of strategies being
considered. The predictive model is available on the TRB website for immediate use by airport
operators; recommendations for further enhancements to the stated preference survey and predictive
model are provided in Chapter 4 of this report.



Employee Commute Programs Resear ch—This research included identification of
employee commute options to the single-occupant vehicle. Additional research on employee
commute programs is recommended to further this research effort. Further research on employee
commute programs could provide airport managers with tools and information to reduce single-
occupant vehicle commute to airports, for the airport operator and tenant employees. A collaborative
effort between airport operators and tenant employers may be necessary to reach the total airport
employee population.

PRODUCTS

Several products were devel oped to document the findings of this research project and
facilitate application of the findings:

Handbook—The Handbook is the primary product of this research project. The intent of the
Handbook is to serve as a valuable resource for airport operators by providing practical assistancein
facing the challenges associated with managing constrained parking facilities at their airports. Where
constrained parking conditions exist or are expected to devel op, the Handbook helps airport operators
to better understand, anticipate, and eval uate changes resulting from implementation of specific
airport parking strategies. The Handbook provides a menu of strategies to address airport parking
constraints, recommendations on methodol ogies to predict the outcome of strategies under
consideration, and procedures for data collection to measure the outcomes of strategies implemented
by an airport operator.

Stated Preference Survey and Predictive M odel—Products of this research project also
include a predictive model and an explanation of the methodology recommended for airport
operators considering the development of their own predictive models. The predictive model, once
calibrated to anindividual airport, allows the airport operator and othersto test various policy
scenarios and strategies related to ground access. Alternatively, airport operators can build on the
methodology developed in this research project to implement their own stated preference surveysto
capture the unique airline passenger characteristics of their airport environments, and develop a
predictive model based on the airport-specific survey results.

Executive Summary of Handbook—A high-level Executive Summary presents the research
findings and summarizes the usefulness of the Handbook and predictive model. The Executive
Summary isintended to help airport operators understand the usefulness of the information presented
in the Handbook and the predictive model and to generate interest in the ACRP Project 10-06
research results and products.

CONCLUSIONS

The research conducted under ACRP Project 10-06 provides quantitative information on
airline passenger ground access behavior in a constrained parking environment. An understanding of
how constrained airport parking affects airline passenger ground transportation mode choices and
airport choices in aregion with competing airports can inform airport management and other
policymaker decisions regarding strategies to resolve such constraints. An understanding that
enacted regulations or policies may have unintended consegquences on vehicle traffic congestion and
vehicle emissions can also be achieved. The report and handbook devel oped for this research project
also provide valuable information for airport managers faced with constrained parking conditions.



Thetools developed for this project include a menu of strategies to be considered, tools and
methodologies for predicting the outcomes of implementing the strategies being considered, and

recommendations for data collection to quantitatively evaluate the results of strategies implemented
in the airport environment.



CHAPTER 1 BACKGROUND

This Final Report for ACRP Project 10-06, A Handbook to Assess the Impacts of Constrained
Airport Parking, isintended to provide background to the research conducted in support of
development of the ACPR Project 10-06 Handbook. This report is organized into four chapters and
several appendices, asfollows:

« Chapter 1 — Background

« Chapter 2 — Research Approach

« Chapter 3—Findings and Applications

« Chapter 4 — Conclusions and Recommendations

« Appendix A — Annotated Bibliography

« Appendix B — Airport Interview Questionnaire

« Appendix C— Data Collection Plan

« Appendix D — Stated Preference Survey Discussion and Questionnaire

« Appendix E — Stated Preference Survey Results

« Appendix F — Description of ACRP 10-06 Airport Parking Forecast Model

PROBLEM LEADING TO THE STUDY

At most commercial service airports in the United States, the provision of public parking—
particularly if the parking supply is constrained or is anticipated to be become constrained—is a
high-profile consideration for airport operators. For one reason, revenues generated from public
parking are alarge revenue source at most airports, and are often the highest nonaeronautical revenue
source.

Reasons that constrained parking conditions exist at airports vary, but often include the
following: (1) at airports located in developed urban areas, land may not be available to expand
parking facilities, (2) ahigh cost isinvolved in constructing new parking structures, and (3) at some
airports, local government regulations limit the supply of parking spaces to encourage the use of
HOV and transit mode optionsin order to reduce vehicle congestion and automobile emissions.
Parking constraints may be further exacerbated by the fact that airport employees require a
substantial number of parking spaces that are typically undervalued when compared with the revenue
stream generated by public parking. However, employees of the airport operator and its tenants are
vital to the operation of an airport, so their need for airport parking must be accommodated.

Anecdotal information indicates that, when public parking at an airport is constrained, many
passengers choose to be picked up and dropped off by friends and relatives, thereby potentially
doubling the number of vehicle tripsto and from the airport. Without an evaluated and documented
understanding of this phenomenon, federal, state, and local government agencies—responding to
concerns about vehicle emissions or other issues—may unwittingly enact regulations limiting airport
parking that may have the opposite effect to that desired. Furthermore, in large metropolitan areas
served by more than one commercia service airport, the availability or lack of parking may influence



the airline passenger’ s choice of airport. Finally, little research has been conducted to verify or
quantify how parking constraints affect airport access. Without a thorough understanding of the

rel ationships between constrained parking and strategies adopted to influence airline passenger
ground access behavior, the potential exists for policies or strategies to be established that may have
adverse effects on airport roadway operations, air quality, customer service, and airport revenues
generated from parking.

Research is needed to better understand the changes in airline passenger and employee access
behavior caused by constrained airport parking and strategies adopted to influence airline passenger
and employee ground access behavior. Such research would be useful to airport operators, especially
those working with public agencies that may be considering new policies or regulations to constrain
parking, in assessing the implications of implementing strategies to address constrained parking
environments and evaluating the outcomes of those strategies.

An understanding of how parking constraints have changed customer behavior and
influenced mode share and the related impacts, and an estimation of how potential solutions will
influence future behavior, mode choice, and the resulting impacts are needed. An understanding of
how airport and regional policy decisions affect the demand for on-airport public parking is also
needed. Thisresearch project was commissioned to respond to those needs.

CURRENT KNOWLEDGE ABOUT CONSTRAINED PARKING

A review of the literature relevant to constrained parking in the airport environment, as well
as discussions with industry and trade organizations on this topic, helped to establish the framework
for this research project.

A common understanding of airport parking facility product types and types of parking
constraints ensures a common point of reference.

Airport parking facilities generally consist of amix of the following product types:

« Short-term or hourly parking located in the terminal area
« Long-term or daily parking located in the terminal area

« Economy parking located remote from the terminal (s), requiring shuttle transport to the
terminal (s)

« Valet parking typically provided in the terminal area
« Premium parking located in the terminal area
« Privately operated off-airport parking, requiring shuttle transport to the terminal(s)

. Cdl phonelot for greeters of arriving airline passengers located remote from the terminal
area

. Dedicated employee parking areas |ocated in the terminal area or remote from the terminal
area, requiring shuttle transport to the terminal (s)

« Employee parking at worksite

. Employee parking in public parking facilities (dedicated spaces or in any space available to
public parking customers)



Typically an airport operator defines parking as constrained when parking occupancy
exceeds a defined percentage that is typically less than 100 percent due to the impracticality of
managing the parking operation at 100 percent occupancy. Thisisreferred to as the “functional
capacity” of aparking facility or parking system. The functional capacity of parking facilities varies
by airport, but generally falls between 85 and 95 percent of supply. Regardiess of the specific
percent defined, once an airport operator considers parking to be constrained, the operator will make
decisions related to parking based on this premise. It isthe point at which the airport operator actsin
response to constraints that is the key to defining whether an airport is operating in a constrained
parking environment. Generally, public and employee parking constraints result from an imbalance
between parking supply and demand under one of three scenarios as discussed bel ow.

. Inadequate Total Parking Supply—Constrained parking will occur when the total demand
for public parking generated by airline passengers or employees exceeds functional capacity
of the total available parking supply.

« Lack of Individual Facility Parking Supply—Constrained parking will occur when
individual public or employee parking facilities do not accommodate the demand for parking
at those facilities, while others facilities have excess capacity. For example, during peak
leisure travel times such as weekends and holiday periods, a short-term or hourly parking
facility may have excess capacity while the economy parking is constrained. This condition
differs from the previous scenario in that the total airport supply may be adequate to
accommodate the total parking demand, but the allocation of supply among facilities does not
meet demand.

. Imbalanced Allocation of Parking Supply—Parking allocated for specific uses does not
accommodate demand during certain times, while parking capacity for other usesis sufficient
or underutilized. The distinction between this category and the “lack of individual parking
supply” category is that multiple uses may be allocated to one facility or a parking product
within afacility. For example, many airports issue parking permits for airport employees to
use terminal area public parking. Other airports designate a section of the terminal area
parking for short-term parking, with the remainder for long-term parking.

Parking constraints may also be ongoing or occasional constraints. Ongoing parking
constraints occur on aweekly basis during busy periods, whereas occasional constrained events
result from a nontypical event, such as afew times per year at holiday periods or school vacations or
other events that generated nonroutine spikes in airline passenger activity.

Numerous options for ground access to an airport other than parking a private auto are
typically available for both airline passengers and airport employees. Ground access options,
referred to as modes, vary by airport, but generally include the modes listed in Table 1.

Additional current knowledge about airline passengersis presented in the following sections.



Tablel Typical Airport Ground Access Modesfor Airline Passengersand Airport

Employees
Airline
Passenger
Parties Served Mode Nature of Service
Single Party Private Auto Pickup and Dropoff and Use of Curbside Only On Demand
Private Auto Pickup and Dropoff and Use of Parking by Greeter ~ On Demand
or Well-Wisher
Private Auto, Airline Passenger Parks for Duration of Trip On Demand
Rental Car On Demand
Taxicab On Demand
Limousine On Demand
Multiple Shared-ride Van On Demand, Door-to-Door Service
Parties Busor Van—Transit or Privately Operated Scheduled Service
Subway, Light Rail, or Commuter Rail Scheduled Service

Sources:  Ricondo & Associates, Inc., and DMR Consulting, October 2009.

Airline Passengers: Customer Segments

Airline passengers at an airport are classified as being either origin and destination (O& D)
passengers or connecting passengers. O& D passengers board aflight at the local airport to begin
their airline travel or arrive at the local airport as the ending point to their airline travel, whereas
connecting passengers arrive and depart the airport by airline as they connect between flights. O&D
passengers use aform of ground transportation to travel between the airport and the surrounding
geographic market area. Connecting passengers do not use ground transportation travel. Therefore,
parking and other ground transportation options accommodate O& D passengers only.

Two characteristics of the O& D airline passenger population influence the amount and type
of parking that is needed at an airport:

« Resident status—Resident airline passengers have the greatest flexibility in selecting a
ground access mode. For example, they are more likely to have a private auto available to
park and leave at an airport for the duration of their trips. Nonresident airline passengers, on
the other hand, are dependent on other modes, such as private auto pickup and dropoff, rental
car, taxicab and other for hire modes, and HOV modes. An airport operator has less ability to
influence a nonresident airline passenger’ s ground access mode selection as it relates to
airport parking than aresident airline passenger’ s mode selection.

« Trip purpose—Business travelers tend to be less price sensitive and more convenience
oriented than nonbusiness travelers and, therefore, potentially less easily influenced by
strategies airport operators may introduce to change parking behavior.

For purposes of this research project, resident airline passengers were the primary focus.
This market segment islikely to have private autos available to park for the duration of their airline
trip. They aso typically have a better understanding of mode choices available for airport access
than does a nonresident airline passenger. A nonresident airline passenger’ s influence on airport
parking is limited to those being picked up and dropped of at the airport by afriend or relative who
parks for the duration of the pickup and dropoff; however, the nonresident airline passenger has less
ability to influence the decisions related to ground access.



Airline Passengers: Ground Access Mode Choices

Airline passengers choose private autos and parking or another ground access mode to the
airport in the context of their trip purpose (business or nonbusiness), whether the airport is their home
airport (local resident with private auto available), knowledge of ground access options to the airport,
and previous experience using ground access options to the airport. Within this context, a series of
factors influence, to varying degrees, a passenger’ s decision of whether or not to use airport parking
and what type of parking to use. A decision-making process for a passenger (in this case, ultimately
selecting parking for the trip duration) is shown on Figure 1. Table 2 providesalist of factors that
affect a passenger’ s decision to use public parking at an airport. Thistable includes references to the
decision nodes shown on Figure 1 to illustrate the points in the decision-making process at which
individual factors are relevant.

Strategies to Address Constrained Airport Parking Conditions

Operators of airports across the United States have implemented numerous strategies to
address constrained parking conditions. Many of these strategies are operational in nature—trial and
error based on the experience of parking operations managers. Other strategies result from
recommendations of detailed parking planning or pricing studies. Strategies to address constrained
parking range from increasing parking capacity either on a permanent or temporary basisto
influencing parkers' decisions through pricing changes and public outreach.

The most straightforward strategy to address a constrained airport parking environment is to
increase parking capacity. While this strategy provides a direct solution to the constraint, increasing
airport parking capacity may not be the most appropriate or even possible solution for severa
reasons. These reasons include:

. Physical limitations to constructing a new parking facility
« Costs of constructing a new parking facility

« Public policy or public sentiment affecting the airport parking environment

Although increasing capacity was recognized as a solution to a constrained airport parking
environment, it is not the optimum solution for many airport operators.

OBJECTIVES AND SCOPE OF THE RESEARCH PROJECT

The primary objective of this research project was to develop a Handbook that airport
operators and others can use to assess the impacts of constrained public and employee parking at
airports and to evaluate the benefits of atool that can be used to predict the outcomes of strategies
being considered to address constrained parking. For airports where constrained parking exists or is
anticipated, the Handbook should aso provide guidance on how to quantify the impacts of potential
changes in airport customer and employee access resulting from implementation of such strategies as
changes in parking rates, the provision of new or improved public or private transportation services,
and the increase of parking supply. The Handbook should allow airport operators and others to better
understand, anticipate, and evaluate changesin airport parking strategies at airports where
constrained parking exists or is anticipated.
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Table2 FactorsAffecting Decisionsto Use Airport Public Parking

Affected Decision Node *

Factors 1 2 3 4 5 6 7
Airfare and Flight Schedule

Distance to Airport v

Total Trip Cost for Private Auto Access and Egress Trips in Comparison to

Other Modes v

Availability of Alternative Modes in Accordance with Flight Schedule 4

Availability of an Automobile 4

Dropoff or Pickup by Meeters and Greeters 4

Availability and Convenience of a Cell Phone Lot v v
Location and Convenience of Private Auto Pickup and Dropoff Aress at

Termina Curb v v
Amount of Baggage v v v
Availability of an Airport People Mover (APM) Versus Shuttle Bus Service

Between Parking Facility and Terminal v 4 v
Perceived Safety of Parking Facility (e.g., Lighting, Security, Sightlines) 4 4 4 4
Proximity to Terminal v v 4 v
Availability of Adequate Number of Handicap Spaces v v v v
Mobility of Airline Passenger v v v v v
Availahility of Covered Parking v v v v
Availability and Perceived Availability of Spaces (e.g., Experience, Online

Information) v v v v v v
Parking Rtes v v v v v v
Availability of Premium Parking Products 4 4 v 4 4
Arrival Time at Airport v v 4
Walking Distance to Terminal or Shuttle or APM Pickup Location v v
Processing Time and Queues to Exit Parking Facility v v v
Availahility of Assisted Grade Changes Between Parking and Terminal v v
Frequency of APM or Shuttle Bus Service, Travel Timeson APM or Parking

Shuttle, Availability of Seats, Convenience, and Number of Shuttle Stops to

and from Remote Parking Facilities 4

Availahility of Off-airport Parking, Considering Pricing, Amenities, and

Convenience Compared to Those Provided by Airport Operator 4

Ease of Use of Parking Facility, Including Maneuverability and Clarity of

Layout v
Terminal Curbside Congestion v
Airport Policies on Termina Curbside Pickup and Dropoff, Expected

Enforcement of Policies, and Curbside Space Availability 4

Note:
! Numbers correspond to decision nodes identified on Figure 1.
Sources:  DMR Consulting and Ricondo & Associates, Inc., August 2008.
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To meet these objectives, the scope of the research included areview of constrained parking
at U.S. airports, analysis of the strategies implemented at these airports to enable the research team to
understand relationships between strategies implemented and parking behavior, and development and
evaluation of a probabilistic forecasting model that relates the ground access environment to
passenger access mode and parking decisions to understand the usefulness of such models as
predictive tools. The scope of the research was focused to ensure the devel opment of practical
strategies and predictive tools for those airports where constrained parking exists.

Data Sources

Four primary data sources served as the foundation for this research. Each data sourceis
discussed below.

Literature Review

Literature related to public and employee airport parking constraints was reviewed, as
documented in Appendix A, Annotated Bibliography. Information from the literature review was
supplemented by discussions with industry |eaders and the research team’ s industry knowledge of
constrained parking issues. This served as the framework for understanding issues related to
constrained airport parking and potential solutions for addressing constrained public and employee
parking and served as the basis for identifying airports with constrained parking conditions to
participate in this research.

Airport Operator Interviews

Representatives from 15 U.S. airports where parking has been constrained at some point over
the past 10 years (i.e., 1998-2008) were interviewed to understand their experiences regarding
constrained public and employee parking. The selected airports represent a cross-section of
characteristics that were considered relevant to the research topic, including airport size, access to
public transportation and other HOV mode choices, single airport or part of aregional airport system,
and airports with and without a privately operated off-airport parking supply.

Data from Airport Operators

Additional data were collected from a subset of the representatives of the 15 airports
interviewed to quantify how strategies adopted at these airports to address constrained public parking
influenced the travel behavior of airline passengers.

Airline Passenger Survey

A stated preference survey of airline passengers was conducted to supplement the analysis of
data from airport operatorsin order to (1) understand the effects of specific strategies adopted to
alleviate constrained parking and (2) predict the outcome of strategies being considered. The stated
preference survey was designed to provide an understanding of airline passenger choices related to
constrained airport parking and to provide insight regarding how to predict airline passenger mode
choice behavior in response to strategies being considered to address constrained parking.

Development of the Handbook

The scope of this research project included development of a Handbook to assess the effects
of constrained airport parking. The Handbook covers the following topics:

« Understanding the airport parking environment;
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Types, causes, and consequences of constrained airport parking;

Discussion of goals and objectives for managing constrained airport parking environments;
Methods for predicting airport parking constraints,

Strategies to address constrained airport parking;

Methods for predicting the outcomes of strategies being considered to address constrained
airport parking;

Evaluating the outcomes of strategies adopted to relieve constrained parking;
Selection of strategies to relieve constrained parking; and
Considerations for employee alternate commute options.
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CHAPTER 2 RESEARCH APPROACH

Theinitial task of assembling and reviewing existing data sources, contacting industry
representatives, and formulating list of factors that affect public and employee parking decisions at
airports served as the framework for much of the subsequent research. To develop a thorough
understanding of issues related to constrained parking, the researched was focused on developing an
understanding of the following issues:

1. Strategies employed to manage constrained public parking;

2. Tools and methods for measuring and evaluating the impacts of strategies implemented to
manage constrained public parking;

3. Methodsfor predicting constrained parking and predicting the effects of strategies considered to
address constrained parking; and

4. Impacts of public parking constraints on curbside congestion, use of alternative access modes,
and use of competing airports; and

5. Strategies employed to manage constrained employee parking and alternatives to the single-
occupant commute.

This chapter presents the approach followed in this research project and used to develop the
Handbook:

« Literature Review and Industry Outreach

« Case Studies

« DataCollection Plan

« Anaysisof Datafrom Airport Operators

. Stated Preference Surveys

. Predictive Tool for Estimating Future Behavior
. Development of the Handbook

LITERATURE REVIEW AND INDUSTRY OUTREACH

Relevant published information was reviewed and research on public and employee parking
constraints was conducted (as indicated in Appendix A, Annotated Bibliography) to frame the issue
and serve as areference throughout the research project. Key words for each entry in the annotated
bibliography identify relevant topics in each article reviewed, such as a specific airport discussed in
the article or a strategy implemented at an airport related to parking or parking demand management.

Additionally, alist of small-, medium-, and large-hub airports where parking constraints have

been experienced was devel oped through input from industry representatives and through the
collective experience of the research team. For an airport to be considered a candidate airport, it was
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either currently experiencing or had experienced constrained parking conditions between 1998 and
2008 and those constraints were not always addressed through capacity expansion.

CASE STUDIES

Relevant case studies were devel oped through interviews with airport staff to document
parking conditions and experiences with constrained parking over the past 10 years (1998—2008).
The selected airports represent a cross-section of characteristics that were considered to be relevant
to the research topic, including airport size (large, medium, or small hub), access to public
transportation and other HOV modes, single airport or part of aregional system of competing
airports, and airports both with and without a privately operated off-airport parking supply. Table 3
presents the characteristics of the 15 airports included as case studies.

Thelist of interview questionsis provided in Appendix B. All interviews were completed
either in person or by telephone. The research team documented the interviews as comprehensive
case studies, which were provided to the interviewed airport representatives for review to verify
accuracy. Given the sensitive nature of some of the information documented, full case studies are
not included in the published materials for ACRP Project 10-06. However, thisinformation was used
to inform the findings of the research.

The following information was documented for each case study airport:

« Descriptive summary of the current parking situation and past periods of constrained parking
(airline passenger activity, parking facilities and capacity including the privately operated
parking supply, rates, mode share data, and the general parking environment);

« Strategies used to manage constrained parking;

« Impacts of public parking constraints on curbside congestion, use of alternative access
modes, and use of competing regional airports,

. Methodologies used to measure impacts of strategies adopted and to predict the outcome of
strategies being considered;

« Summary of the current employee parking situation (employment levels, parking facilities
and capacity, parking fees, mode share data);

« Future plans for employee and public parking; and
« Studies and data available to the research team for further analysis.
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Table 3 Characteristics of Case Study Airports

Policy or Public . Privately HOV Mode Share
Sentiment Withina Operated
Influences Competing  off-Airport

_ Hub ~  Decisions Related Airport Parking Scheduled  All HOV
Airport Classification to Parking Supply System Available HovV 2 Modes®
Boston-Logan International (BOS) Large v v V4 14% 24%
Chicago O’ Hare International 4 13% 13%
(ORD) Large 4 4
Las Vegas McCarran | nternational L - 20%
(LAS) arge
Miami International (MIA) Large v v 1% 8%
San Diego International (SAN) Large v v 1% 12%
Seattle-Tacoma I nternational Large v v 2% 19%
(SEA) 9
Tampa International (TPA) Large v - 4%
Washington Dulles International L v 1% 5%
(IAD) arge
Bob Hope (BUR) Medium v v v 1% 5%
Oakland International (OAK) Medium v v 12% 15%
Port Columbus International Medium v v =5 7%
(CMH)
Portland International (PDX) Medium v v 7% 10%
San Antonio International (SAN) Medium v v - -
Huntsville International (HSV) Small v v - -
TulsaInternational (TUL) Small v v - -
Notes:

HOV—High-occupancy vehicle

—indicates data that data are not available or applicable

! Hub categorizations are defined by the Federal Aviation Administration for commercial service airports based on the share of
total U.S. passenger boardings accommodated at that airport. Large hubs accommodate 1 percent or more of annual passenger

boardings, medium hubs accommaodate at least 0.25 percent but less than 1 percent of passenger boardings, and small hubs
accommodate at least 0.05 percent but less than 0.25 percent of passenger boardings.

2 Scheduled HOV modes include public transportation plus privately operated buses and vans operating on a fixed schedule.

3 All HOV modes include shared-ride vans and charter vehicles in addition to the scheduled HOV modes listed above. Courtesy
shuttles are not included.

* Staff interviewed at BOS, ORD, and BUR did not consider privately operated off-airport parking to be in competition with the
on-airport, public parking supply.
5 At CMH, mode share categories include scheduled HOV s with other categories, so the scheduled HOV share is unknown.

Sources.  Airports Council International — North America, Airport Traffic Reports, 2007 Final Traffic
Count, accessed November 2008 (hub classifications—total passengers); Federal Aviation
Administration, Airport Hub Classifications, November 2008 (hub classifications); DMR
Consulting and Ricondo & Associates, Inc., based on interviews with airport representatives
conducted between November 2008 and February 2009 (competing airport system, privately
operated off-airport parking, and HOV mode shares). (1-15)
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DATA COLLECTION PLAN

Based on an evaluation of the information collected in the literature review and airport case
studies, a data collection plan was developed to further the research on constrained airport parking.
The data collection plan is presented in Appendix C. In summary, two data collection approaches
were undertaken:

« Analysisof Existing Data—Collected and analyzed additional information from a subset of
the case study airports to understand the effects of past and current parking constraints and
strategies implemented to address the constraints, and to understand the predictive tools used
to determine the outcomes of strategies to address constrained parking at one airport and the
predictive tool under development at another airport.

« Stated Preference Surveys—Designed and conducted a stated preference survey of airline
passengers whose home airports are the case study airports to understand customer choices
related to constrained airport parking, as input to development of amodel to predict the
outcome of potential strategies to address constrained parking.

Research for the stated preference data collection plan was conducted to address several
important questions instrumental to this research project, including how constrained public parking
and strategies adopted to address constraints may affect:

1. Trip generation and mode share;

2. Theuse of HOV modes;

3. Theuseof privately operated off-airport parking facilities; and
4. The use of competing airports.

Various responses to the key questions above were collected during the interviews with
airport representatives conducted for development of the case studies. In many cases, the responses
were based on anecdotal information rather than empirical analysis. Therefore, the data collection
effort was intended to develop empirical evidence to support the anecdotal experience.

Of the 10 case study airports that are part of a competing system of airports, none of the
airport representatives believed that constrained airport parking has caused their customersto use a
competing airport. Therefore, the research team and the ACRP 10-06 Project Panel agreed that
minimal effort would be expended trying to answer the fourth question.

The research also focused on the effects of airport employee parking constraints. As only
one of the case study airportsis currently experiencing employee parking constraints, and al of the
airport representatives interviewed were more concerned about public parking constraints, the
research team and the Project Panel agreed that the mgjority of the research project’ s resources
should be devoted to understanding public parking constraints. The research team, therefore, shifted
the focus on the collection and summarization of employee commute strategies implemented at
airports and other employment centers.
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ANALYSIS OF DATA FROM AIRPORT OPERATORS

Additional information was collected and analyzed from a subset of the 15 case study airports
to further quantify how strategies adopted at these airports to address constrained parking have
influenced the travel behavior of airline passengers.

Of the 15 case study airports, 8 were identified as potential candidates for additional research
based on the nature of parking constraints, strategies used to address the constraints, availability of
data, and studies and tools available to develop an understanding beyond that |earned from the case
studies.

The research team conducted teleconferences with airport staff at the eight airportsto
determine the information available for evaluation and analysis. Of the eight airports, staff members
from two declined to participate because of competing demands for their time and their inability to
provide the data necessary for further analysis. Datafrom athird airport were not available.
Therefore, further analysis was conducted on data from five of the case study airports.

Types of strategies that lend themselves to evaluation include those employed to influence
parking behavior for ongoing constraints rather than responses to occasional constrained events.
Examples of these strategies are parking rate changes, reallocation of parking products, and
introduction or improvement of new HOV services. To measure changes in the use of airport-
operated parking facilities, comparable data from both before and after implementation of the
strategy must be captured from the parking revenue control system. Thistype of datawas only
available from one of the five case study airports. Additional data are required if the airport operator
wishes to know which modes attracted lost parkers or, conversely, if parking transactions increased,
the modes from which additional parkers were diverted. Recommendations for additional
information that would have been useful in analyzing the effects of the adopted strategies were
identified.

Research conducted earlier in this project indicated that employee parking constraints were
less of aconcern to airport staff than public parking constraints; therefore, a summary of high-level
strategies that airport operators could implement to provide employees with aternatives to driving
alone and parking was devel oped for inclusion in the Handbook. Detailed data on employee parking
constraints for analysis to further an understanding of this issue were limited.

STATED PREFERENCE SURVEYS

The research team anticipated that the airport case studies and further analysis of airport data
would not likely be sufficient to quantify how strategies adopted to address constrained airport
parking have influenced the travel behavior of airline passengers. Difficulty interpreting the effects
of strategies adopted was expected because airport operators are likely to react to constrained parking
conditions by implementing multiple strategies, and external forces (changes in airline passenger
activity, general economic conditions, etc.) would also likely influence passenger behavior. These
multiple influences would likely obfuscate the cause-and-effect relationship. Therefore, a stated
preference survey was conducted to demonstrate one methodology for predicting the outcome of
different strategies used to aleviate parking constraints.

The stated preference survey was designed to provide insight asto how to predict the
outcome of airline passenger behavior in response to strategies being considered to address
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constrained parking for use in developing the predictive model. Stated preference surveys can be
thought of as market testing of potential strategies, as opposed to revealed preference surveys, which
are used to collect data capturing actual choices made by airline passengers. The stated preference
survey captured preferences through an experimental design developed to test airline passenger
responses to various strategies that address constrained parking conditions by capturing mode
preferences in response to changing conditions.

Severa approaches for survey sample collection were developed, documented in the data
collection plan (provided in Appendix C), and reviewed with the Project Panel. The research team
recommended an online recruiting and survey administration approach, with agoal of obtaining a
sample of approximately 600 usable responses (two-thirds) from resident airline travelers who had
taken aflight from 14 of the 15 case study airports over the past 6 months (referred to as the general
airport sample), and 300 usable responses (one-third) from the 15™ case study airport (referred to as
the airport-specific sample). Response choices for the airport-specific survey sample would be
refined and tailored for the airport’ s specific environment. This approach was recommended because
the research team recognized the value of (1) developing a general model with a national sample to
determine its applicability as a predictive screening tool for any airport in the United States, (2)
demonstrating the utility of a predictive model for a specific airport used to analyze the conditions at
afiner level of detail, including customized survey answer choices to capture airport-specific
features, and (3) comparing the two methodologies. The Project Panel approved the recommended
approach.

Two of the 15 case study airports were identified as candidates for the airport-specific
survey: Boston-Logan International Airport (BOS) and Portland International Airport (PDX). BOS
was identified because (1) the Massachusetts Port Authority (Massport), owner and operator of BOS,
has dealt with constrained public parking, which has been limited through policy constraints, for
many years; (2) BOS had the lowest ratio of total parking spaces per enplaning resident O& D
passenger of the 15 case study airports; (3) Massport promotes and sponsors HOV modes; (4)
Massport maintains data, including outputs, from a mode choice model, studies, airline passenger
surveys, and the parking revenue control system; and (5) a privately operated off-airport parking
supply isavailable at BOS. PDX was identified because (1) the Port of Portland, owner and operator
of PDX, has since 2003 dealt with constrained public parking, which is aso limited as a result of
policy constraints; (2) alight rail line to PDX opened in 2001; and (3) the on-airport public parking
supply at PDX is supplemented by a privately operated off-airport parking supply.

Massport declined the invitation to participate in the airport-specific survey due to survey
timing, but did agree to participate as part of the general airport sample. The Port of Portland agreed
to participate in the airport-specific survey. Representatives from the remaining case study airports
were contacted regarding participation in the general airport survey. Staff at Bob Hope Airport
(BUR) requested the research team not include its customers in the survey due to timing of the
survey.

The general airport sample included survey results from resident airline passengers at the 13
airports, aswell as PDX; and the airport-specific sample included survey results from PDX resident
airline passengers.

Prior to survey administration, the online survey instrument was tested by the research team,

the ACRP Project Panel, and staff at the participating airports. The survey instrument was refined
based on the feedback received. The resulting survey instrument, as well as adiscussion of the
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survey, isprovided in Appendix D. The research team administered the survey from April 21, 2009,
through May 4, 2009. The survey administration was successful, and the targeted response levels
were achieved. A summary of the stated preference survey results and several tabulations of the data
are provided in Appendix E.

PREDICTIVE TOOL FOR ESTIMATING FUTURE BEHAVIOR

The results of the stated preference survey were used to develop a Microsoft Excel-based
forecast model to test different outcomes based on traveler behavior when faced with choices such as
higher parking prices and transit options with various levels of service and costs. A general airport
parking forecast model was developed based on the survey results of respondents from all airports
surveyed, and an airport-specific parking forecast model was devel oped based on the survey results
of respondents from PDX.

Using the data from the stated preference survey, multinomial logit models were estimated.
The research team used industry standard modeling methods to determine model segments and
coefficients that best fit the stated preference data set. Using that data, the Excel-based forecast
models were created by calculating the probability of using an access mode for a specific scenario
and by applying the probability to the sample to calculate respondent-level preferences for each
access mode. Based on this methodology, the general airport parking forecast model can be
calibrated to conditions at any small-, medium-, or large-hub airport.

The resulting general airport parking forecast model was specifically developed to be used at
any small-, medium-, or large-hub U.S. airport to achieve a planning-level understanding of the
effects of parking scenarios and to understand the effects of parking and transit policies on mode
share and constrained parking at airports.

The two versions of the model, the general airport model and the airport-specific model, were
tested by the research team, the Project Panel, and staff at some of the participating airports. The
research team tested a variety of scenarios intended to alleviate constrained parking, and compared
the results between the general airport model and the airport-specific model under two policy
scenarios to demonstrate the benefits of an airport operator using a model devel oped using a national
sample versus a model developed specificaly to its own environment.

Following review of the model and input from various reviewers, the instructions for the
model and documentation of some of the model assumptions were clarified for future model users.

Finally, recommendations for the use of a stated preference survey to understand ground
access mode preferences and development of a parking forecast model for airport and other
transportation policy makersto usein evaluating policy changes at an airport were made to ensure
that the approach documented in this research project is adaptable to airports where parking is
constrained or anticipated to be constrained.

DEVELOPMENT OF THE HANDBOOK
Development of the Handbook to assess impacts of constrained airport parking was largely

based on the research conducted for this project. The purpose of the Handbook is to provide
information to airport operators on addressing constrained parking conditions. The Handbook
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provides guidance on methods for (1) predicting future constrained parking conditions, (2) predicting
the outcomes of strategies being considered to address constrained parking, including development of
apredictive model to understand the effects of strategies, (3) evaluating the outcomes of strategies
adopted to relieve constrained parking, and (4) selecting strategies to relieve constrained parking.
The Handbook is structured similar to a toolbox with a menu of suggested strategies to address
airport parking constraints and an discussion of the potential outcomes of various strategies.
Financial, vehicle traffic, environmental, and customer service considerations are documented for
each potentia strategy.
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CHAPTER 3 FINDINGS AND APPLICATIONS

This chapter provides a discussion of how the research conducted for this project forwards
the knowledge of issues relevant to constrained airport parking and related conclusions. The
discussion provides a general understanding of the issues related to constrained airport parking for a
cross-section of U.S. airports, and provides further analysis of those issues, where possible, to
corroborate the findings. In cases where data were not available to verify or conclusively confirm all
findings, methods for additional research and data capture and collection are identified when relevant
to further this research.

The findings of this research project are organized in accordance with the primary objectives
established for the project:

1. Assesstheimpacts of constrained parking at airports.

2. Develop atool to predict the outcome of strategies being considered to address
constrained parking at airports and evaluate its benefits.

3. Provide guidance on how to quantify changesin access and related impacts resulting
from implementation of strategies.

Findings relevant to research on constrained employee parking are also presented.

ASSESS THE IMPACTS OF CONSTRAINED PARKING

Trip Generation and Mode Share

A central question of this research project was to understand the rel ationship between
constrained parking and mode share shifts, and, furthermore, to understand how these mode share
shifts correlate with trip generation and curbside congestion.

The context for exploring this topic stems from an understanding, from the airport operator
perspective, that as airport parking becomes constrained, airline passengers tend to shift to single-
occupant vehicle modes—pickup and dropoff by private auto, taxicab, or single-party limousine—
over other modes, such as public transit. Some airports operate under policy-based parking
constraints. For example, if alocal policy maker desiresto reduce roadway congestion around an
airport by limiting the number of tripsto and from the airport, the policy maker who is less familiar
with the ground access behavior of airline passengers may correlate the concept of limiting the
availability of parking at the airport with limiting private auto use to and from the airport
environment. However, if this parking limitation results in a shift to pickup and dropoff modes
rather than public transit, the number of vehicle trips to and from and the airport increases, as
explained below.
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Relationship between Constrained Parking and Mode Share Shifts at
0 Portland International Airport

The Port of Portland operates under a conditional land use permit from the City of

Portland that, among other things, limits the number of public parking spaces that can

be added at Portland International Airport (PDX) and specifies where the spaces can
be provided. The permit also requires the Port of Portland to charge airport employees afeeto park
at PDX. The most recent permit was issued in 2003. Until recently, there has been a general
understanding by local regulatory agencies (City of Portland, the Portland Metropolitan Planning
Organization, and the State of Oregon) that parking spaces induce automobile trips, and that limiting
parking spaces anywhere (including at PDX) will encourage alternate modes of travel. 1n 2009,
development and utilization of a new airline passenger demand component for the regional travel
demand model was effective in beginning to change those regulators understanding of how airport
parking behavior differs from the behavior of parkers visiting other types of activity centers such as
an office building. It isexpected that the new understanding will be reflected in anew land use
permit to be issued in 2010. (16)

This question was explored both from the airport operator perspective, through interviews
with airport staff and review of relevant datafrom several case study airports, as well as from the
passenger perspective through stated preference surveys. Airport staff recognize the relationship
between parking constraints and terminal curbside congestion (i.e., a more pronounced relationship
between constrained parking and shifts to dropoff ground access modes than between constrained
parking and shifts to transit modes). Although data from airports were not available to quantitatively
verify this understanding, analysis of the stated preference survey results validates the stronger trade-
off relationship between parking and dropoff modes, particularly pickup and dropoff by private auto,
rather than parking and increased use of transit modes. Thisinformation is valuable for those
airports where policy limitations on public parking supply are being considered to ensure that
decision-makers understand the relationship between constrained on-airport public parking at an
airport and mode share shifts that tend to result in increased vehicle trips rather than increased use of
transit or other HOV modes. These findings indicate that constrained parking not only affects airport
parking revenue and potentially the airline passenger’ s customer service experience at the airport, but
also results in increased roadway congestion and increased vehicle emissions.

These findings are discussed in greater detail below, from both the airport staff and airline
passenger perspectives.

Airport Staff Perspective

Airport staff interviewed recognize the relationship between parking constraints and terminal
curbside congestion. If airport parking is not available, airport staff’s experience is that more
passengers tend to shift to pickup and dropoff modes rather than public transit options. If a
passenger shifts from parking to being picked up and dropped off by private automobile for airline
trips, that airline passenger is generating twice the number of vehicle trips than when the airline
passenger drove to the airport and parked for the duration of their trip. In the latter case, for each
one-way airline trip, a one-way vehicle trip is made to or from the airport parking facility, because
the vehicle is parked for the duration of the airline trip. When the airline passenger is picked up or
dropped off by private auto, two one-way vehicle trips are generated for each one-way airline trip.
For the dropoff trip, the driver drops off the passenger at the terminal and departs the airport.
Ancther round trip must be made to pick up the passenger upon the passenger’ sreturn. A shift from
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airport parking to the pickup and dropoff mode by private auto doubles the number of vehicle tripsin
the region, on local roads surrounding the airport, and on the airport roadway system. The number of
vehicle trips generated by an airline passenger shifting from parking to taxicab or limousine mode
also increases because not all taxicabs and limousines are transporting passengers both to and from
the airport during the round trip. Increased vehicle trips potentially result in increased roadway
congestion and increased vehicle emissions.

None of the airport staff interviewed in this research project had sufficient data available
from both before and after the implementation of strategiesto alleviate parking constraints to
quantify this mode shift. Ideally, O& D passenger surveyswould be conducted periodicaly to track
shiftsin mode share over time, allowing for a comparison between periods of constrained parking
and periods during which various strategies to alleviate constrained parking were adopted.

Airline Passenger Perspective

A stated preference survey was administered to explore the relationship between strategies
adopted to address constrained parking and airport ground access mode share, from the passenger
perspective. A parking forecast model was developed based on the results of the stated preference
survey. (Please refer to Appendix D for a discussion of the survey and questionnaire and Appendix E
for adiscussion of the survey results.)

The correlation between passenger pickup and dropoff activity and constrained parking is
demonstrated by three policy scenarios tested in the parking forecast model. In two of the three
scenarios described below, changes in perceived parking constraints (parking rates) were tested to
understand their influence on airline passenger ground access mode choice. Scenario #1 presentsa
scenario at a small-hub airport and Scenario #2 presents a scenario at alarge-hub airport. The results
of both scenarios demonstrate the rel ationship between parking and dropoff modes, and that changes
in parking conditions do not tend to significantly affect HOV mode shares. Scenario #3
demonstrates that a significant increase in parking supply (remote parking) results in a shift of
passengers primarily from higher-priced parking facilities and secondarily from the dropoff and
pickup mode by private auto, further illustrating the weak correlation between airport parking supply
and the use of HOV modes.

Scenario #1: Doubling Parking Fees

One of the key strategies an airport operator will consider to attempt to influence parking
mode share is to change airport parking fees. In this scenario, the results of which are shownin
Table 4, doubling the parking fees at a small-hub airport was tested. Although airport operators do
not frequently double the fees for public parking, it isinstructive to see how a dramatic changein
parking fees would affect travel behavior. For purposes of thisillustration, doubling the parking fees
is representative of constraining parking because this dramatic increase in parking feesislikely to
influence passenger perspective of the availability of parking. Although this scenariois
representative of conditions at small-hub airports, which are less likely to be well served by public
transit options compared to large-hub airports, the stated preference survey did include public transit
options.
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Table4 Results of Doubling Parking Fees at a Small-Hub Airport

Resident Mode Share

Access Mode Base Case Scenario #1 Absolute Difference  Percent Difference*
Park and Walk to Terminal 15% 6% -9% -57%

Park and Ride Shuttle to Terminal 25% 18% -7% -27%

Taxicab or Limousine to Terminal 10% 12% 2% 22%

Dropped Off by Private Auto 40% 51% 11% 27%

Public Transportation to Airport 1% 1% 0% 21%

Shared Van to Airport 4% 5% 1% 22%
Scheduled Bus to Airport 5% 6% 1% 27%

Total ? 100% 100%

Notes:

! Percent difference calculations may differ due to rounding.
2 Columns may not total to 100 percent due to rounding.
Source; Resource Systems Group, Inc., August 2009.

In this scenario, 16 percent of airline passengers who would have parked for the duration of
their trips shifted primarily to the dropoff mode by private auto (11 percent), followed by the taxicab
or limousine mode (2 percent). This scenario illustrates the link between parking constraints and
shifts to dropoff modes.

Scenario #2: Reducing Parking Fees

A second scenario was tested to measure the influence that a 50 percent reduction in parking
fees would have on passenger ground access behavior at alarge-hub airport. Again, this scenario, the
results of which are shown in Table 5, was tested to demonstrate the relationship between changesin
perceived parking constraints (in this case, reduced constraints, if pricing is perceived as a constraint)
and ground access mode share distribution.

Table5 Results of Reducing Parking Fees by 50 Percent at a Large-Hub Airport
Resident Mode Share

Access Mode Base Case Scenario#2  Absolute Difference  Percent Difference®

Park and Walk to Terminal 5% 11% 6% 117%

Park and Ride Shuttle to Terminal 10% 15% 5% 48%

Taxicab or Limousine to Terminal 30% 27% -3% -10%

Dropped Off by Private Auto 30% 24% -6% -19%

Public Transportation to Airport 15% 15% 0% -3%

Shared Van to Airport 5% 4% -1% -11%

Scheduled Bus to Airport 5% 4% -1% -19%

Total 2 100% 100%

Notes:

! Percent difference calculations may differ due to rounding.
2 Columns may not total to 100 percent due to rounding.
Source: Resource Systems Group, Inc., August 2009.
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In this scenario, public transportation accounts for a significant mode share (15 percent) at
the airport; this mode share was only minimally affected by the policy intended to influence
passenger parking behavior. The shift in mode share as a result of reducing parking fees was from
passenger dropoff modes (private autos, taxicabs, and limousines) to the use of airport parking
facilities.

Scenario #3: Adding Remote Parking

The presence of off-airport parking has a meaningful effect on an airport’s ground access
mode share distribution. Although the stated preference survey did not distinguish between on-
airport parking that required a shuttle bus to access the terminal and privately operated off-airport
parking, a scenario was tested in the parking forecast model in which 5,000 remote spaces (correlated
to the “park and ride shuttle to terminal” mode) were added to the parking supply. This scenario
applies to the addition of 5,000 spacesto either the on-airport remote parking supply or the privately
operated off-airport parking supply. Table 6 presents the results of this scenario. The parking
forecast model is not configured to include the original airport parking supply as an input, so the
additional parking supply is not calculated relative to total parking supply.

Table 6 Results of Adding Remote Parking at a L arge-Hub Airport

Resident Mode Share
Access Mode Base Case Scenario#3  Absolute Difference  Percent Difference®
Park and Walk to Terminal 5% 4% -1% -25%
Park and Ride Shuttle to Terminal 10% 13% 3% 30%
Taxicab or Limousine to Terminal 30% 30% 0% -2%
Dropped Off by Private Auto 30% 29% -1% -3%
Public Transportation to Airport 15% 15% 0% 0%
Shared Van to Airport 5% 5% 0% -2%
Scheduled Bus to Airport 5% 5% 0% -3%
Total 2 100% 100%
Notes:

! Percent difference calculations may differ due to rounding.
2 Columns may not total to 100 percent due to rounding.
Source: Resource Systems Group, Inc., August 2009.

The addition of remote parking resultsin a shift in mode share mainly from the “park and
walk to terminal” and “dropped of by private auto” modes to the “park and ride shuttle to terminal”
mode. This small shift impliesthat the addition of parking capacity does not generate significant
demand for parking, as there was only atwo percentage point increase in the overall share of
passengers parking despite a significant increase in parking supply. In this circumstance, with the
majority of the shift being from the “ park and walk to terminal” mode and the “ dropped off by
private auto” mode, vehicle trips to the airport and in the terminal areawould decrease, since for
every one-way airline passenger trip, a passenger who is dropped off generates two vehicle trips and
apassenger who parks for the duration of atrip generates one vehicle trip.

Use of Competing Airports

A guestion instrumental to this research project was how constrained public parking and
strategies adopted to address constraints may affect airline passengers choice of airportsin large
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metropolitan areas where more than one airport offers commercial airline service. This question was
assessed from both the airport staff and passenger perspectives. Data from the stated preference
survey supported the opinions of airport staff that constrained airport parking is not an important
consideration in airport choice.

Airport staff did not have data available for review to quantify reasons for airline passenger
selection of airports within a competing regional system; however, based on anecdotal information,
they do not believe that constrained airport parking has caused their customers to use a competing
airport. This perspective was supported through the stated preference survey administered to airline
passengers. The majority of airline passengers located within markets served by multiple airports did
consider use of another airport when planning their trips. For survey respondents at airportsin
competing systems, cost of the flight and minimizing flight travel time were the most important
considerations influencing their choice of airports. The availability of parking ranked low for
respondents in terms of influencing their airport choice.

Airport Staff Perspective

For those airports located within a competing regional airport system, staff were asked
whether constrained parking influences airline passengers’ choice of airports. The responses were
based on anecdotal information rather than empirical analysis. None of the interviewed airport
representatives believed that constrained airport parking had caused their customers to use a
competing airport. Many believed that characteristics of flights offered were the primary reason for
airport selection.

Airline Passenger Perspective

The airline passenger survey included several questions related to the respondents’ choice of
airports on their most recent trips through their home airports (revealed choice questions). The
survey results are documented in Appendix E.

One survey question asked respondents to report which other airports they had considered for
their trips. Some airports are in markets with no competing airports, such as PDX. On the other
hand, airports such as BOS and Oakland International (OAK) are in competitive markets. The level
of consideration regarding airport choice is quite unique to the specific airport and to the regional
system of airportsincluding the specific airport. For instance, neither Las Vegas McCarran
International Airport (LAS) or Tampa International Airport (TPA) is part of acompeting system;
however, these airports had very different passenger rates of consideration: 3 percent of LAS
respondents considered departing from another airport, while 35 percent of TPA respondents
considered using another airport. Similarly, respondents at airports within competing regional
systems also indicated varying levels of consideration regarding departure from another airport: 70
percent of BOS respondents, 51 percent of Washington Dulles International Airport (IAD)
respondents, and 40 percent of Port Columbus International Airport (CMH) respondents considered
departing from another airport. Table 7 presents the results of this survey question, sorted by airport
hub size and then by whether or not the airport is located within a competing regional system of
airports. Asshown, the majority of airline passengers at al large-hub airports within a competing
regional system considered departing from another airport and between 22 and 63 percent of airline
passengers at small- and medium-hub airports within a competing regional system considered
departing from another airport.
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Table7 Airline Passenger Survey: Considered Use of a Competing Airport

Airport Located Airline Passengers Considered Departing from a Competing

withina Airport?

' Competing Total Number of
Airports Regional System Yes No Responses
Large Hub

Boston-L ogan International (BOS) Yes 70% 30% 46

Chicago O'Hare International (ORD) Yes 55% 45% 44

Miami International (MI1A) Yes 68% 32% 44

Washington Dulles International (IAD) Yes 51% 49% 43

Las Vegas McCarran International (LAS) No 3% 97% 38

San Diego International (SAN) No 15% 85% 39

Seattle-Tacoma International (SEA) No 12% 88% 59

Tampa International (TPA) No 35% 65% 46
Medium Hub

Port Columbus International (CMH) Yes 40% 60% 45

Oakland International (OAK) Yes 63% 37% 51

San Antonio International (SAN) Yes 24% 76% 50

Portland International (PDX) No 13% 87% 316
Small Hub

Huntsville International (HSV) Yes 44% 56% 36

Tulsa International (TUL) Yes 22% 78% 54
Notes:

! Staff interviewed at each airport identified whether or not airport management considered the airport to be
part of a competing system of airports.

2 Reported responses based on an airline passenger survey conducted in support of this research. Full
documentation of the survey and resultsis contained in Appendices D and E.

Sources:  Ricondo & Associates, Inc., and DMR Consulting, based on airport case studies (November 2008
through February 2009) (1-15); and Resource Systems Group, Inc., August 20009.

To further the understanding of what influences airline passenger selection of an airport
within a competing system, the airline passenger survey also contained a series of questions relevant
to airport choice. Respondents were presented with 12 airport attributes and were asked to rate each
attribute' s influence on their airport choice based on a 5-point scale. The results demonstrate that
airline passengers primarily select their airport of choice based on the price of the flight and the flight
travel time (total travel time and availability of direct flights to destination). The ground
transportation attributes, including reliable transit to and from the airport and parking availability,
appear to be less important when selecting an airport than the cost and travel time of the flight itself.

Table 8 shows the percentage of respondents from airports located within a competing
system of airports that rated the listed attribute as a high influence (4 or 5 rating on a scale of 1 to 5)

29



on their choice of airports for their trips. For respondents at airports in competing systems, cost and
minimizing travel time were most important—greater than 75 percent of respondents rated those
attributes as highly influential in their choice of airports. The availability of parking ranked low in
terms of influencing the respondent’ s airport choice.

Table8 AirlinePassenger Survey: High Influence Attributesfor Airportsin a Competing
Regional System

Percentage of Respondents Ranking Listed

Attribute Attribute as a High Influence on Airport Choice®:2
Price of Airline Ticket or Fare 89%
Availability of Direct Flights to Destination 84%
Total Travel Time 79%
Frequent Flights to Destination 73%
Available Flights on Preferred Airline 2%
Wide Selection of Airlines 60%
Familiarity with Airport 57%
Ease of Getting Through Airport Security 55%
Reliable Transit to and from Airport 48%
Ground Transportation to and from Airport 46%
Available Parking at Airport 40%
Variety of Airport Restaurants and Shops 14%
Number of Responses 413
Notes:

! Results reported only for airline passengers whose home airport was considered to be part of acompeting
airport system, as reported by airport staff during case study interviews.

2 Respondents ranked each attribute on ascale of 1 to 5, ranging from “no influence at all” to “very high
influence” on their decision when choosing an airport. High influenceis considered as arating of 4 to 5.
Totals shown are the percent of respondents reporting a4 or 5 to each attribute, and therefore, the percents
do not total to 100 percent.

Source; Resource Systems Group, Inc., August 2009.
Use of Off-Airport Privately Operated Parking Facilities

The availability of privately operated off-airport parking as well as the characteristics of the
off-airport parking supply can vary widely from airport to airport. The airport operator has minimal
control over privately operated off-airport parking, but the airport operator is affected by its
availability, both financially and operationally (e.g., parking demand management and parking
shuttle vehicles using the airport roadways and terminal curbs) and when considering future parking
capacity increases. Although the off-airport parking supply can serve as overflow capacity by design
or by default during constrained periods, airport operators risk permanently losing those passengers
who were introduced to the privately operated facility if amenities offered at that facility influence
the passenger’ s decision for future use.

Airport Staff Perspective

The parking supply at 12 of the 15 airportsincludes privately operated off-airport parking
facilities. The following themes were identified during interviews with airport staff:
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« Representatives from 9 of the 12 airports consider the privately operated supply to bein
competition with the on-airport public parking supply.

« Some airport representatives interviewed, while desiring to capture as much of the public
parking market share as possible, also recognize that during constrained parking situations
the privately operated parking supply accommodates overflow demand.

. Conversely, other airport representatives have found that on-airport and privately operated
public parking supplies reach capacity concurrently and, therefore, privately operated
facilities are unable to accommodate overflow from airport parking facilities during
constrained periods.

. Airport representatives noted that off-airport parking operators have frequently developed
their own loyal customer base, serving a niche market.

« Oneairport representative noted that the airport lost customers to off-airport parking facilities
during periods when the on-airport parking supply was constrained. Some of these customers
lost during constrained on-airport parking periods then became part of the off-airport
privately operated parking operator’ s regular customer base.

Passenger Perspective

The presence of off-airport parking has a meaningful effect on an airport’s parking share and
ground access mode share distribution. The stated preference survey was conducted to evaluate the
effects of remote parking, but did not distinguish between on-airport parking that required a shuttle
bus to access the terminal and privately operated off-airport parking. Because the remote parking
option combined the airport-operated and privately operated parking supplies, differences between
on-airport remote parking facilities and privately operated off-airport parking facilities and pricing
were not factored into the analysis.

Further research would be beneficial to specifically analyze the relationship between off-
airport parking and constrained parking at an airport, as well as ground access implications, as
discussed in Chapter 4.

BENEFITS OF A TOOL TO PREDICT THE OUTCOMES OF POTENTIAL
STRATEGIES

Conducting a stated preference survey to understand ground access mode preferences and
developing a parking forecast model for airport and other policy makers to evaluate potential changes
at an airport, as aresult of strategy implementation, is a powerful and adaptable approach. The
general airport parking forecast model developed as part of this research can be downloaded from the
TRB website for use by airport operators and others, or airport operators can develop a similar tool
specific to their airport environments by adopting the methodology recommended in this research
project, modified to include some of the recommendations for the stated preference survey and model
identified in Chapter 4.

The following sections present findings on the usefulness of the stated preference survey and
the parking forecast model developed for this research.
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Usefulness of Stated Preference Surveys

As demonstrated through areview of the data available at the 15 airports that experienced
constrained parking conditions over the past 10 years (i.e., 1998-2008) that were the subject of
research in this project and subsequent analyses of data at a subset of those airports, airport operators
do not typically maintain datain sufficient detail to determine the cause-and-effect relationships
between strategies adopted to address constrained public parking and airline passenger behavior.
Therefore, the research approach used in this project involved conducting stated preference survey
experiments via an airline passenger survey to test the effects on airport access mode choice of
various strategies to address constrained parking and on airport choice, considering awide variety of
parking and airport access characteristics, such aslocation of parking, price, availability of remote
parking, and availability of transit and other HOV modes to access the airport.

Stated preference surveys can be thought of as market testing of potential strategies. The
stated preference experiments developed in this research project and implemented through the airline
passenger survey allowed for analysis of cause-and-effect relationships and the ability to develop the
parking forecast models used in this research.

Appendix D contains documentation on the stated preference survey instrument used in this
research project. Chapter 4 documents recommendations for future refinement of this tool.

Usefulness of a Parking Forecast Model

The general airport model devel oped through this research project can be used for any small-,
medium-, or large-hub airport to provide planning-level insight into potential public parking policies
and other transportation policies that may affect constrained airport parking. Planning-level insight is
defined as an increased understanding at the planning level into the relative effects that a potential
policy would have on the airport and the constrained parking environment at the airport compared to
other policies.

It has been demonstrated that the parking forecast model developed as part of this research
project can be used to test a variety of changesto the provision of airport access modes, the results of
which could be used to address constrained parking conditions. Specifically, the model can be used
to estimate the effects of increased or decreased parking fees for terminal area and remote parking,
changesin travel times and fares for HOV modes, the addition of previously unavailable scheduled
HOV modes, the addition of remote parking, shuttle frequency for remote parking, or the institution
of acurbside dropoff fee. (An airport operator can use a curbside drop-off fee to enhance the
effectiveness of other strategies aimed at relieving constrained parking, by reducing the potential
mode shift from parking to use of curbside pickup and dropoff mode. To implement this strategy, an
airport must be configured in a manner that lets them collect fees from curbside users and the
regulatory environment must allow the airport operator to collect thisfee.)

The estimates from this model represent averages from the airports that were surveyed and,
therefore, airport-to-airport differences may exist that are not fully represented when the model is
applied to a specific airport. These airport-specific differences could be represented in more detall
and at ahigher level of predictive accuracy if an airport-specific survey and model were devel oped.
However, the model produced during this research project appears to reasonably represent the
general magnitudes of changes in mode share distribution between the scenarios and the base case,
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particularly if reliable access mode share information is available for the airport, and should prove
useful as a planning-planning resource for any airport operator facing constrained parking issues.

When the model is used with accurate base case mode shares, but without additional airport-
specific validation, the results should be interpreted as accurately representing relative changes when
comparing across pricing and other policies. For example, the differences in the share of users of
various modes that result from a 10 percent increase in terminal area parking rates compared to those
that result from a 20 percent price increase should be accurately represented (i.e., within 15 percent
or so). However, the actual mode share distribution may differ from the shares estimated in the
model because of differences that were not reflected in the base case model calibration.

Similar parking forecast models developed specifically for an airport, and based on airport-
specific surveys, have the potential to be even more useful and powerful—airport circumstances vary
greatly in terms of size, access mode mix, extent and nature of constrained parking problems, and
other influencing factors. The survey tool and model can be further expanded or customized to
produce analyses specific to an airport’ s needs, such as expanding the model to produce comparative
vehicle trips related to policy changes if congestion is an issue or to calculate vehicle miles traveled
to understand air quality issues.

To further illustrate the usefulness of both the general airport model and an airport-specific
model, two models were devel oped based on parallel stated preference surveys. As discussed further
in Appendix F, agenera airport model was based on a combined sample of airline passengers from
the majority of airports that participated in the case studies for this project. In addition, alarger
airline passenger sample was obtained from the PDX catchment area and an airport-specific parking
forecast model was developed for PDX. To evaluate the usefulness of the airport-specific model
versus the general airport model, the results from each model using identical policy scenarios were
applied to the PDX environment and compared.

Both models were calibrated to the specific characteristics of PDX. Inthefirst policy
scenario, a 50-percent increase in parking fees was tested—from $30 to $45, for the “park and walk
to terminal” mode and from $8 to $12 for the “ park and ride shuttle to terminal” mode. The results
areprovided in Table 9. A second policy scenario, the results of which are provided in Table 10,
presents the results of testing the imposition of a $10 fee for dropping off airline passengers.

Table9 Comparison of General Airport and Airport-Specific Models: 50 Per cent Increase
in Parking Fees

Portland International Airport Mode Share

Policy Scenario
Access Mode BaseCase  General Airport Model  Airport-Specific Model
Park and Walk to Terminal 10% 5% 1%
Park and Ride Shuttle to Terminal 15% 13% 12%
Taxicab or Limousine to Terminal 10% 11% 11%
Dropped Off by Private Auto 45% 50% 51%
Public Transportation to Airport 10% 10% 11%
Shared Van to Airport 5% 5% 5%
Scheduled Busto Airport 5% 6% 6%
Total 100% 100% 100%

Source: Resource Systems Group, Inc., August 2009.
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Table1l0 Comparison of General Airport and Airport-Specific Models:
Implementation of a $10 Airline Passenger Dropoff Fee

Portland International Airport Mode Share

Policy Scenario

Access Mode BaseCase  General Airport Model  Airport-Specific Model
Park and Walk to Terminal 10% 12% 13%
Park and Ride Shuttle to Terminal 15% 19% 20%
Taxicab or Limousine to Terminal 10% 12% 12%
Dropped Off by Private Auto 45% 35% 31%
Public Transportation to Airport 10% 11% 12%
Shared Van to Airport 5% 6% 6%
Scheduled Bus to Airport 5% 6% 7%
Total 100% 100% 100%
Note: Columns may not total to 100 percent due to rounding.

Source: Resource Systems Group, Inc., August 2009.

Asshown in Table 9, in the first scenario, the general airport model produced results that
were similar to the results of the airport-specific model for PDX. Asshownin Table 10, in the
second scenario, the share of airline passengers dropped off at the terminal, the passengers that would
be affected by this policy change, differs by four percentage points, which could indicate that airline
passengersin the 14-airport sample are generally less price sensitive than PDX customers or that
fewer HOV options are available to them than at PDX.

In 2008, the Port of Portland updated the airline passenger ground access travel component of
the regional transportation model. The regional model can be used to project the outcome of certain
strategies related to parking, expansion of the regional transit system, and other regional measures
under consideration. Port of Portland staff tested the airport-specific model developed under ACRP
Project 10-06 for PDX and noted that, athough not exactly the same, the outputs for the model
developed in this research project generally replicate the results of the Port’s model. (17)

QUANTIFYING THE EFFECTS OF STRATEGIES TO ADDRESS
CONSTRAINED AIRPORT PARKING

Airport operators implement various strategies when faced with constrained parking
conditions. An objective of this research project was to measure the success of these strategies. In
other words, did the adopted strategy lead to measurable changes in passenger parking behavior that
resulted in the desired outcome?

The operators of thel5 case study airports have faced a variety of public parking constraints
over the past 10 years (i.e., 1998-2008)—from the entire supply being constrained on aregular basis
to seasonal constraintsin specific facilities or products. All of the airport operators have developed
strategies to accommodate parking customers. The research team found, however, that most airport
operators do not measure or quantify the results of their strategies, nor do they collect and maintain
sufficient data to quantify the success of adopted strategies. Parking management is operational in
nature. For many of the strategies, such as the use of temporary overflow parking areas, the results
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are obvious to the airport operator. In some cases, the airport operator has a general sense of the
results of the strategy; for example, the airport operators that adopted parking rate changes to
influence demand had an operational understanding of whether the rate increase changed parking
patterns for a short period of time or if the rate change achieved the desired long-term change in
behavior.

To quantify whether or not strategies achieved their desired goals, data characterizing the
parking conditions must be collected and maintained both before and after the strategy is
implemented. The decision to collect data to support an understanding of the effects of
implementing various strategies involves an airport operator examining the trade-off between the
time and cost of data collection and the usefulness or benefit of the information obtained.

The findings of the data analysis completed during this research are presented below, along
with adiscussion of the types of data and relevant time periods for data collection to enable airport
operators to quantify the effects of strategies adopted to affect passenger parking behavior in the
future.

Analysis of Data from Case Study Airports

Two general types of data are needed to quantify the effects of strategies adopted to influence
passenger parking behavior at airports. In addition, a clear understanding of other factors that may
be influencing parking and ground access mode behavior before and after the period of strategy
implementation must be achieved to reflect the influence of external factors. Factors suggested for
consideration include local or national economic conditions, changesin pricing or supply of other
modes as well as privately operated off-airport parking facilities, and changesin commercial airline
service at the airport in question, such as introduction of low-cost carrier service. Data sources
include:

« Parking System Data—To measure changes in parking use, data must be captured and
retained from the parking revenue control system both before and after implementation of the
strategy. Manual counts may supplement data from the revenue control system.

« Mode Share Data—To understand which modes attracted lost parkers or, conversely, which
modes attracted additional parkers, mode share distribution data are needed from periods
both before and after implementation of the strategy. These data should be available by
resident status and trip purpose to determine how shifts may have influenced mode share
distribution by market segment. Such diversionsinfluence levels of vehicle traffic and
resulting congestion, parking revenues, and vehicle emissions.

The analysis of datafrom a subset of the case study airports was focused on strategies
adopted to alleviate ongoing parking constraints and, in most cases, influence passenger behavior.
For example, the strategy of opening an overflow lot to accommodate parking during holiday travel
periods isimplemented to accommodate a specific peak demand rather than to influence passenger
behavior, and was not assessed in thisanalysis. Table 11 summarizes the strategies implemented at
five of the case study airports that were evaluated for an understanding of the cause-and-effect
relationships.
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Table11 Strategies Evaluated by Airport

Parking Rate  Parking Capacity New Transit HOV Service
Airport Changes Increases Line Introduction Improvements
Boston-Logan International (BOS) v v v
Chicago O’ Hare International (ORD) v
Tampa Internationa (TPA) v v
Portland International (PDX) v v
TulsaInternational (TUL) v 4

HOV—High occupancy vehicle

Sources:  Ricondo & Associates, Inc. and DMR Consulting, based on airport case studies (November 2008
through February 2009).

Available data were not sufficient from any of the five case study airports to analyze the
effects of adopted strategies. Therefore, the research team was unable to fully understand the effects
of the strategies adopted by the operators of these airports to address constrained parking. The
operator of only one of the five case study airports—Chicago O’ Hare International Airport—was
able to provide extensive before and after data from its parking revenue control system to evaluate
the effects of a parking rate increase. In this situation, multiple simultaneous price changes likely
obscured the effects of each rate change. Furthermore, mode share distribution data from before and
after the rate change was implemented were not collected, so the ability to understand resulting mode
shifts was not possible.

The major findings of this analysis resulted in the identification of data collection

recommendations for airport operators interested in quantifying the results of strategiesthey are
planning to adopt.
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Analysis of Parking Revenue Control System Data at Chicago O’'Hare

International Airport

In late 2007, the Chicago Department of Aviation implemented four simultaneous

rate changes for individual parking products at Chicago O’ Hare International

Airport. Three of the four rate changes were aimed at influencing passenger
parking decisions and reall ocating demand among the parking products offered at the airport.

The Chicago Department of Aviation maintains extensive historical records of parking facility use
characteristics, including the following for each parking facility, by month, for several years:

(1) parking exits, (2) parking transactions by length of stay increments, (3) parking facility closures
by hour, (4) parking facility closures by number of events, and (5) parking revenues (gross, average
fee per vehicle, average annualized revenue per space).

The data were distilled to a series of comparative summary charts and included in periodic summary
reports. The extensive historical data maintained by the Chicago Department of Aviation allow for
analysis of historical data and comparison to recent parking data to identify trends in parking activity
and characteristics, which is especially important when an airport operator isimplementing strategies
to address constrained parking conditions and influence passenger behavior.

Detailed analysis of these data conducted under this ACRP project indicates that the rate changes
implemented by the Chicago Department of Aviation to reallocate demand among products were
partially successful without affecting gross parking revenues. However, a concurrent decrease in
0&D passenger activity during this same period, the inability to isolate parking length of stay datato
specific constrained events (summary data are maintained on a monthly basis, whereas constrained
parking conditions occur on an hourly basis), and multiple simultaneous price changes that likely
obscured other effects, made verification of the ultimate effects on parking facility use resulting from
implementation of the strategy difficult.

As mentioned, the Chicago Department of Aviation maintains excellent summary parking data, but to
fully understand and evaluate the effect of implemented pricing strategies on influencing parking
behavior and potential shiftsto other modes, including pickup and dropoff by private automobile, an
understanding of the passenger mode share distribution both before and after implementation of the
strategy is necessary. (2)

Data Collection Recommendations

Because many airport operators do not collect and retain all the data necessary to measure the
success of a strategy they have adopted to influence airline passenger parking behavior, a
recommended data collection plan is presented below.

The timing of data collectionis critical. Comparative datafrom both before and after
implementation of a strategy are required to assess changes resulting from the strategy. This requires
the airport operator to plan for data capture well in advance of implementing a strategy, which is
often not considered in an operational environmental in which strategies are implemented to mitigate
immediate issues. Table 12 provides a summary of before and after data the airport operator can
collect to measure results subsequent to strategy implementation.
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Table12 Recommended Data Collection Itemsfor Analysis of Potential Strategies

Ite Data
m Collection Importance
No. Data TimePeriod® toAnalysis Representative Data Sources
1 Parking Exits by Parking Facility and Before and Critical Parking Revenue Control
Distribution of Parking Exits by Length of After System
Stay by Parking Facility
2 Mode Share Distribution by Market Before and Critica Airline Passenger Surveys®
Segment After
3 Changes in Market Segment Distribution? Before and Critica Airline Passenger Surveys®
After
Total O&D Passenger Activity Historical Critical Airport Management Records
5 Overnight Counts and Peak Occupancy Before and Supportive  Parking Revenue Control
Counts by Parking Facility After System or Manual Counts
6 Private Auto Countsin the Terminal Area Before and Supportive  Airport Management Data
After Collection Effort
7 Counts of Airline Passengers Using Other Before and Supportive  Airport Management Data
Access Modes After Collection Effort
8 Counts of Airline Passengers per Vehicle Before and Supportive  Airport Management Data
After Collection Effort
9 Changesin Airline Service Historical Critical 4 Airport Management
10  Changein Parking Supply Historical ® Critical®  Parking Management Records
11  Changesin Parking Rates Historical ® Critica*  Parking Management Records
12 Changesin Local and National Economic Historical Critical General Understanding
Trends
13 Changes in Passenger Origins Before and Supportive*  Airline Passenger Surveys®
After
14 Consideration of Other Events with the Historical Critical * Varies
Potential to Influence Interpretation of
Results
Notes:

! Data collection time period (in reference to strategy implementation) distinguishes between those data
collection items that may require foresight by airport management to collect (before and after) or data that
can likely be obtained, including “before data,” well after the strategy has been implemented (historical). A
12-month period of both before and after datais recommended to capture seasonal travel activity and allow
for airline passenger behavior to adapt to the implemented strategy.

2 Market segment includes the breakout of origin and destination (O& D) passengers into the following groups:
resident-business, resident-nonbusi ness, nonresident-busi ness, nonresident-nonbusiness.

3 An airline passenger survey represents a snapshot in time of passenger characteristics, so the timing of survey
implementation requires careful consideration. See ACRP Report 26, Guidebook for Conducting Airport
User Surveys, for considerations when conducting airline passenger surveys.

* ltems are critical to the analysisif they are applicable to the time period being evaluated.

® Changes in parking supply and parking rates are noted as being historical data, assuming that the airport
operator maintains detailed historical records of these changes.

Sources:.  DMR Consulting and Ricondo & Associates, Inc., October 20009.
Items 1 through 4 are critical to many analyses of the effects of adopting strategies to
alleviate constrained parking. Changesin parking behavior and the use of other modes of airport

ground access can be determined through analysis of items 1 and 2. These changes should be
assessed in the context of changes in market segment distribution (item 3) and compared to changes
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in the numbers of O& D airline passengers (item 4) to determine how much of the change may have
resulted from a change in passenger characteristics or activity versus the strategy itself. Strategies
adopted to address constrained parking could result in shifts to other modes. Overnight parking
facility counts and peak occupancy counts (item 5) can show changesin parking facility use to help
understand trends.

Curbside pickup and dropoff activity, use of other modes, and number of passengers per
vehicle (items 6, 7, and 8) are not captured in the parking exit data. These data can be collected
through analysis of access modes reported in O& D passenger surveys; however, a secondary means
to understand overall mode shifts, or to support O& D passenger survey data, is to collect dataon
changes in private auto activity in the terminal area and counts of customers using private autos and
other access modes to understand changes in mode share (e.g., increases in airline passengers being
picked up and dropped off). These counts can show changes in mode share and, when considered
with changes in private auto activity in the terminal area and parking exits, may allow the analyst to
make assumptions about shiftsin mode use. However, counts will include both resident and
nonresident airline passengers. Some of this information will be expensive to collect, if not readily
available. However, if the airport operator collects this type of data anyway, it should be collected at
times before and after the rate change that will inform this type of analysis.

Data collection items 9 through 14 are suggestions for consideration of other data that are
critical to interpreting the results of the analysisif any of these changes occurred during the time
period being evaluated. These items may exert other influences on airline passenger parking and
mode decisions. It is noted that these types of activities have the ability to obfuscate the
interpretation of results.

CONSTRAINED EMPLOYEE PARKING

During the interviews, staff from the case study airports expressed less concern with
employee parking constraints than with public parking constraints. The general sentiment was that
employee parking needs will be accommodated. The employee parking supply was unconstrained at
all of the case study airports but one. Four airports had a constrained employee parking supply in the
past, but the circumstances presented fewer challenges to airport operators than public parking
constraints.

Because employee parking constraints were viewed as less of a problem and easier to solve,
airport operators do not collect and retain much data on employee parking and employee access
mode shares. Most of the airport operators did not know the employee mode share distribution for
total airport employees or for their own employees, although most of the airport operators believe
that the mgjority of employees commute alone in private autos.

About half of the operators of the case study airports offer some type of program or incentive
to encourage their own employeesto ride-share or use transit, such as preferential parking for
vanpools, discounted transit passes, or participation in aride-matching program. In most cases,
however, airport operators do not collaborate with other on-airport employers to reduce single-
occupant vehicle commuting to the airport. At 14 of the 15 case study airports, the airport operator
employed less than 10 percent of the total airport employee popul ation—the exception was a small
hub airport at which the airport operator employed almost 20 percent of the total airport employee
population. Therefore, to significantly reduce the employee trip rates, a collective effort among
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airport operator and tenant employers may be needed to reach the mgjority of the airport employee
population.

Although constrained employee parking is not a significant issue for airports, airport
operators are increasingly considering programs to reduce employee trips to and from the airport.
Thisissueis especially important because airport employees tend to commute to work in single-
occupant vehicles. The research team documented in the Handbook several key aspects of employee
commute programs to provide general guidance for airport operators wishing to explore programs to
encourage alternatives to the single-occupant commute by private auto. Additional research on
employee commute programs and their applicability to the airport environment is warranted to
further this knowledge, as described in Chapter 4.

As noted previoudly, research project resources focused primarily on public parking
constraints, including development of a predictive tool to estimate the outcomes of strategies under
consideration to alleviate parking constraints. Two predictive models that apply to employee
commute programs were identified, but not evaluated in during this research project—the U.S.
Environmental Protection Agency’s EPA COMMUTER Model and the Trip Reduction Impacts for
Mobility Management Strategies (TRIMMS) model. Both models can be downloaded from the
University of South Florida s website at http://www.nctr.usf.edu/clearinghouse/software.htm.

The Massachusetts Port Authority founded a transportation management
association (TMA) at BOS in 1997 to reduce single-occupant employee
commute trips to the airport, reduce the demand for employee parking, and
improve commuting options for employees using alternative modes of
transportation. Employees of participating employers receive discounts on the Logan Express bus
and some of the privately operated scheduled HOV services, ride-matching services, and information
on aternatives to commuting alone. The TMA introduced a commuter cash program to its members
in 2007. Member employees who switch from driving alone to carpooling, bicycling, walking, or
public transportation receive $3 per day. Massport provides a 50 percent subsidy, up to $100 per
month, to its employees who commute using the Logan Express or other public transportation. (1)

: Employee Commute Program at Boston-Logan International Airport
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CHAPTER 4 CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS
The following main conclusions resulted from the research conducted under ACPR 10-06.

Constrained public parking conditions at airportslead to increased pickup and dropoff
activity at a higher rate than increased use of HOV modes. This mode shift, from an airline
passenger driving to the airport and parking a private auto for the duration of the trip (i.e., two
ground access trips) to an airline passenger being dropped off and picked up at the airport by afriend
or relative (i.e., four ground access trips), results in not only increased curbside congestion, but also
increased vehicle trips to the airport, increased regional roadway congestion, and increased vehicle
emissions. This understanding of mode shifts in the airport environment is critical when policy
makers eval uate the advantages and disadvantages of policy-driven parking constraints at airports—it
isunlikely that a policy aimed at constraining airport parking to reduce vehicle trips will provide the
desired outcome given the unique travel behavior of airline passengers.

For those air portslocated within a competing system of airports, constrained air port
parking at oneairport isnot a significant factor influencing airline passengers choice of
competing airports. Airline passengersin metropolitan areas served by multiple airports that offer
commercial airline service do tend to consider another airport when planning their trips; however, the
cost of the flight and minimizing travel time of the airline trip were the most important
considerations influencing airline passenger choice of airports. The availability of parking was not a
significant determinant of airline passenger choice of airports. This understanding confirms airport
operators' general sense that constrained parking is not an important factor for airline passengers
choice of airport.

Stated preference surveys and development of parking forecast models are valuable
toolsfor airport operatorsto usein developing an under standing of airline passenger behavior
resulting from implementation of a strategy to address constrained parking. Thisresearch
project included development of a general airport model that can be downloaded from the TRB
website and used by U.S. small-, medium-, and large-hub airport operators to test policy
considerations at a planning level. To use the model, analysts must either have mode share
distribution information for the airport or have a general understanding of this distribution. The
value of the stated preference survey and parking forecast model has been demonstrated through this
research. These tools were proven to be powerful and useful, and can be developed for a specific
airport environment by adopting the methodology recommended in this report, including some of the
refinements recommended for the stated preference survey and model discussed in this chapter.

Although airport operatorsimplement a wide range of strategiesto manage constrained
parking, they typically rely on a general sense of the effectiveness of the strategies rather than
formal analysisto measure and quantify theresults. Furthermore, airport operators do not
typically collect and retain the full scope of data needed to effectively quantify the outcomes of the
strategies implemented. To quantify whether or not the implemented strategies achieved airport
management’ s desired objective, data characterizing the parking conditions must be collected and
maintained from periods both before and after the strategy isimplemented. The decision to
undertake a data collection effort to support an understanding of the effects of strategies adopted
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involves examining the tradeoff between the time and cost of data collection and the usefulness or
benefit of the information obtained. The recommended data to be collected if airport operators wish
to measure the outcomes of strategies adopted to influence airline passenger parking behavior are
provided in the Handbook and in Chapter 3.

Most airport operatorstend to believe that employee parking constraints are easier to
solve than public parking constraints. Airport employeestypically driveto the airport in single-
occupant vehicles, and airport operators tend to find solutions to accommodate the demand for
employee parking rather than to influence employee commute behavior for several reasons. Peaksin
airport employee parking demand are easier to accommodate because they are more predictable and
less pronounced than peaks in public parking demand. Furthermore, airport operators typically have
more flexibility in locating areas to accommodate employee parking as opposed to public parking.
On the other hand, public transit service schedules may not accommodate employee work shift
schedules and thus may not be a viable option for many employees, and airport operators may even
be obligated to provide parking for airport tenant employees under use and | ease agreements with
those tenants. Although many airport operators offer programs or incentives to encourage their own
employees to ride-share or use transit to reduce commute trips to and from the airport, it isless
common for airport operators to collaborate with other airport employers. Because airport operators
typically employ arelatively small share of the total airport employee population, a collective effort
among airport operator and tenant employers is needed to significantly reduce the employee trip rate
generated by the airport employee population.

Although increasing parking capacity was recognized as one solution for a constrained
airport parking environment, it may not be the most appropriate or even a possible solution at
many airports. Airport operators may be unable to increase parking capacity to keep pace with
demand for many reasons, including physical limitations to constructing a new parking facility,
financial limitations to constructing a new parking facility, and public policy or public sentiment
limiting the airport operator’ s ability or desire to increase the public parking capacity.

RECOMMENDATIONS

The following recommendations are suggested to facilitate application of the findings of this
research project and to refine and address the limitations of this research based on experience gained
through this research project.

Data Collection Plan

It isrecommended that airport management develop goals and objectives for the parking
program to guide decision-making on any strategies being considered to aleviate constrained parking
conditions. To develop quantifiable results of any strategies to be implemented to influence airline
passenger parking behavior, a data collection plan, commensurate with evaluations needed to
measure the achievement of goals and objectives, should be developed, so that data are collected both
before and after a strategy isimplemented. Careful consideration should be given to developing an
ongoing data collection plan, which may require improvements to the data captured and maintained
in an airport parking revenue control system, as well as the ability to capture passenger
characteristics, such as mode share distribution and market segments, through a periodically
implemented airline passenger survey.
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Stated Preference Survey Refinement

Overall, the stated preference survey captured many relevant details of enplaning resident

airline passenger ground access trips to their home airports. However, experience from this research
project suggests that refinements to the survey instrument could enhance any similar future efforts.
Recommendations for refining the stated preference survey instrument are provided below.

The availability of off-airport parking and the characteristics of that off-airport parking can
vary widely from airport to airport. The airport operator has minimal control over privately
operated off-airport parking, but the airport operator is affected by it financially and
operationally (e.g., parking demand management and parking shuttle vehicles using the
airport roadways and terminal curbs) and when considering future parking capacity increases.
Therefore, it would be beneficial to specifically analyze the effect of off-airport parking on
ground access and constrained parking at an airport. One way to approach thisinformation
regquirement would be to include off-airport parking as a separate alternative from on-airport
parking in the stated preference survey.

Thetotal parking supply (i.e., airport-operated plus privately operated) should be taken into
account in the model, so that the addition or subtraction of airport-operated or privately
operated parking would be considered as a percentage of the total airport supply. The model
should aso have an option for parking capacity to be reduced.

The levelstested for each attribute (parking fee, shuttle ride time, etc.) included in the stated
preference experiments were determined based on the best knowledge available from the
initial tasks of this research project. For instance, the levelstested for the “park and walk to
terminal” parking fee for large-hub airports were $15, $25, $35, and $45 per day based on the
ranges indicated by the large-hub airport staff interviewed for this research. In the future, it
would be beneficial to work with the staff of the airport under consideration to also obtain
their input regarding the range of levels to be tested for al attributes in the stated preference
experiments. For instance, each study airport would likely have a different range for shuttle
wait and ride times from the specific airport’ s parking lots to the terminals. Similarly, it
would be useful to have input from the study airport regarding the time differential between
private autos and HOV options.

Respondents were asked the time that they began their trip to the airport and the time that
they subsequently arrived at the airport. Thisinformation provides the respondent’ s total
travel timeto the airport. However, it may be useful to add questions for those respondents
whose ground access trips to the airport were multimodal to determine the amount of travel
time for each mode of the ground access trip. For instance, it would be useful to know the
amount of time a respondent spent walking to atransit stop, waiting for the bus or train, and
riding the transit mode to the airport, in addition to the respondent’ s total travel timeto the
airport.

Understanding why respondents select one ground access mode over other available options
isuseful for airport policy makers. The increase in passenger dropoff trips as a ground access
mode is concerning given the related increase in the number of vehicle trips generated per
passenger. The stated preference survey asked all respondents whose ground access mode to
the airport was a mode other than a private auto (bus, train, subway, shared ride van, taxicab,
limousine) if a private auto had been available to them that they could park at the airport for
the duration of the trip and, if so, why the private auto was not used. It would be useful to
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also ask if a private auto had been available for dropping them off, and the reasons it was not
used if avehicle were available.

« Itwould aso be useful to ask respondents who were dropped off in a private auto if a private
auto were available for them to park for the duration of the trip and, if so, why it was not
used.

. Similarly, although respondents who traveled to the airport in a private auto were asked the
reasons they selected to travel by that mode, it may also be useful to ask why this group of
respondents chose not to use HOV modes to access the airport. Over the long term, there may
be a benefit to airport policy makersto better understand how to motivate travelers to access
the airport by a means other than a non-HOV mode.

« Respondents should be asked to specifically consider their recently reported trip, aswell as
any constraints that might have precluded driving to the airport and parking while answering
the stated preference experiments. Although it is reasonable to assume that respondents were
thinking about their recently reported trip for context while answering the stated preference
experiment questions, and that they were thinking about any specific constraints that affected
their ground access mode choice for the reported trip while completing the survey, they were
not explicitly asked to do so.

« Inthefuture, it may be helpful to provide respondents with a more detailed description of
each access mode being con