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SUMMARY

Although the airline industry has drastically changed since its deregulation in
1978, publically available sources of data have remained nearly the same. In the U.S,,
most researchers and decision-makers rely on government data that contains highly
aggregated price information (e.g., average quarterly prices). However, aggregate data
can hide important market behavior. With the emergence of online distribution channels,
there is a new opportunity to model air travel demand using detailed price information.

This dissertation uses online prices and seat maps to build a dataset of daily prices
and bookings at the flight-level. Several research contributions are made, all related to
leveraging online data to better understand airline pricing and product strategies, and how
these strategies impact customers, as well as the industry in general. One major
contribution is the finding that the recent product debundling trend in the U.S. airline
industry has diluted revenues to the U.S. Airport and Airways Trust Fund by at least five
percent.

Additionally, several new behavioral insights are found for one debundling trend
that has been widely adopted by U.S. airlines: seat reservation fees. Customers are found
to be between 2 and 3.3 times more likely to purchase premium coach seats (with extra
legroom and early boarding privileges) when there are no regular coach window or aisle
seats that can be reserved for free, suggesting that the ability of airlines to charge seat
fees is strongly tied to load factors. Model results are used to explore optimal seat fees
and find that an optimal static fee could increase revenues by 8 percent, whereas optimal

dynamic fees could increase revenues by 10.2 percent.

Xii



Another major contribution is in modeling daily bookings and estimating price
elasticities using ordinary least squares (OLS) regression without correcting for price
endogeneity and two-stage least squares (2SLS) regression, which corrects for
endogeneity. Results highlight the importance of correcting for price endogeneity (which
is not often done in air travel applications). In particular, models that do not correct for
endogeneity find inelastic demand estimates whereas models that do correct for
endogeneity find elastic demand estimates. This is important, as pricing
recommendations differ for inelastic and elastic models. A set of instrumental variables
are found to pass validity tests and can be used to correct for price endogeneity in future

models of daily flight-level demand.
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CHAPTER 1: INTRODUCTION

1.1. Background and Motivation
Since deregulation (which occurred in the United States in 1978), the airline industry has
faced a large number of changes. Competition has been transformed by low cost carriers
(LCCs) that typically offer lower prices than legacy carriers. Between 2000 and 2008, the
number of domestic passengers served by LCCs grew at an average annual rate of 11
percent, whereas during this same time period many legacy carriers experienced
declining figures. Also during this time period, LCCs increased their weekly flight
departures and cities served by 60 percent. Traditionally, LCCs mainly targeted price-
sensitive leisure passengers. However, LCCs are beginning to target business passengers
by flying in heavily traveled business routes (Steenland, 2008).

In addition to increased competition from LCCs, the internet has also transformed
the airline industry, leading to pricing transparency. Online travel agents such as
Expedia®, Orbitz®, and Travelocity® make it easy for customers to search the prices of
multiple airlines across multiple departure dates. Customers can quickly search for and
purchase the lowest possible fare. In fact, 60 percent of leisure travelers report that they
purchase the lowest fare they can find (Harteveldt et al., 2004; PhoCusWright, 2004). An
increasing number of purchases are being made through the internet. For example, in
1998, approximately one percent of domestic leisure bookings were sold through the
internet, but by 2005 the percentage of domestic leisure bookings made online had

increased to 35 percent (Brunger and Perelli, 2008).



The growth of LCCs combined with the increased transparency of airfares has
led, at least in part, to lower average prices in the airline industry. Airlines have not been
able to increase fares at a rate that keeps up with inflation. In the first 30 years after
passenger deregulation, domestic airline prices fell 41.2 percent in real terms (ATA,
2010).

In addition to increased competition from low cost carriers and increased use of
the internet as a major distribution channel, airlines also faced a series of financial
challenges in the first decade of the 21% century, including unprecedented fuel costs,
continued security threats post 9/11, health outbreaks (SARS, H1N1), economic
recessions, and the global financial crisis. Due to the numerous industry changes and
financial challenges, airlines have struggled to remain profitable. Between 2000 and
2010, the seven largest U.S. network carriers® collectively lost $35.1 billion (U.S. DOT,
2010), and four of these carriers went into bankruptcy?. As a result, widespread industry
consolidation has taken place, as five major mergers/acquisitions® involving nine carriers
were initiated between 2005 and 2012.

In response to the financial challenges in the first decade of the 21% century,
airlines began debundling services that were once included in the base price of a ticket,

including new fees for checked baggage, seat reservations, and food. Additionally, the

! Alaska, American, Continental, Delta, Northwest, United, and US Airways.

2 Delta, Northwest, United, and US Airways filed for bankruptcy.

® Mergers/acquisitions took place between America West and US Airways in 2005; Delta and Northwest in
2008; Continental and United in 2010; Southwest and AirTran in 2011; US Airways and American in 2012.



cost of existing ancillary services were increased, including fees for services such as
redeeming mileage award tickets, exchanging tickets, and checking pets. Revenues from
ancillary fees have rapidly increased in the past few years. From 2007-2011 ancillary
revenues reported by U.S. carriers with operating revenues over $20 million grew from
$3.6 billion to $9.8 billion (U.S. DOT, 2012), and similar trends are observed worldwide.
Ancillary services provide an important revenue source that can help carriers achieve
profitability. For example, in 2011 JetBlue reported a net profit of $86 million and seat
fee revenues of more than $120 million (JetBlue Airways, 2011).

Although the airline industry has drastically changed since its deregulation, and
especially within the last decade, publically available sources of data have not changed.
Most researchers and decision-makers currently rely on government datasets to answer
questions about airline pricing, demand and competition. These government data sources
provide highly aggregated data. For example, the U.S. Department of Transportation’s
Origin and Destination Survey Databank 1A/1B (which contains a 10% random sample
of tickets sold in the U.S.) provides information on average quarterly market-level prices
by airline. However, airlines are constantly changing prices in response to demand, often
many times per day.

The lack of disaggregate data sources has hindered the ability to fully understand
or to even explore many relevant questions. For example, how do mergers (and/or the
degree of competition) impact airline prices? What factors related to seat reservation fees
impact customer purchasing behavior? Will the debundling trend dilute revenues to the
U.S. Airport and Airways Trust Fund? How do daily flight prices (and competitor

prices/promotions) influence daily demand?



With the emergence of online booking, there is a new opportunity to collect
detailed data. Several firms, such as QL2® and Infare Solutions collect pricing data from
online and from other channels and sell this data to airlines. In turn, airlines use this
information to inform their day-to-day pricing and revenue management decisions.
Airline websites can be used to compare airlines’ product offerings and fee policies for
ancillary services, which provides important insights into how different carriers are
approaching ancillary revenues. Airline websites can also be used to track the prices of
multiple airlines over the booking horizon, which provides insights into airlines’
competitive pricing strategies across different market structures (such as monopolies
versus more competitive markets). Airline websites can also provide insights into how
different airlines respond when a competitor drops or increases prices. Further, airline
websites can be used to track online seat maps. By looking at the daily changes of
“reserved” vs. “available” seats displayed to customers on online seat maps, an estimate
for daily flight-level bookings (a measure of demand) can be captured. By leveraging the
internet, disaggregate databases can be used to explore research questions at a finer level

of detail.

1.2. Research Objectives
There are four main research objectives of this dissertation. Each objective is related to
leveraging online data to better understand airline pricing and product strategies, and how
these strategies impact customers, as well as the industry in general.
The first research objective is to study the relationship between airline prices and

competitive market structures (such as monopolies, duopolies, and oligopolies both with



and without low cost carrier competition). With so much recent industry consolidation, it
is important to understand how competition among air carriers impacts prices offered to
customers, as this relationship will directly impact the formation of future policies
associated with competition policy (anti-trust), deregulation, and mergers. As part of this
objective, airline pricing is analyzed using a dataset of disaggregate online pricing data
for 62 markets across a range of different market structure types.

The second objective is to identify and review product debundling trends that
have recently occurred in the U.S. airline industry. Information pertaining to carriers’
products is obtained from airline websites and implications of multiple sources of
ancillary fees (related to ticketing refunds and exchanges, checked baggage, on-board
pets, preferred and/or advanced seating assignments, frequent flyer ticket redemptions,
and day of departure standby policies) are discussed. Part of this objective is to better
understand how product offerings are changing, and to better understand how these
trends may potentially impact the industry, such as diluting revenues to the U.S. Airport
and Airways Trust Fund and impacting other system performance objectives (such as
minimizing the number of misconnecting passengers).

The third objective focuses on one debundling trend that has been widely adopted
by U.S. airlines: seat reservation fees. The objective is to investigate factors that
influence airline customers’ premium coach seat purchases and to estimate revenue
impacts of different seat pricing strategies. Using a database of online prices and seat
map displays collected from JetBlue’s website, a binary logit model is used to estimate
the probability of purchasing a premium coach seat with extra legroom, given that a

ticket was purchased. Variables included in the analysis include the amount of the seat



fee, how far in advance the ticket is purchased, the number of passengers traveling
together, and load factors (as revealed through seat map displays). The model results are
used to estimate revenue impacts associated with different pricing structures, such as
dynamically pricing seats as a function of time until flight departure.

The fourth, and final, objective has two interrelated parts. The first piece of the
objective is to determine whether it is possible to use online prices and seat maps to build
detailed flight-level models of daily bookings. However, within the airline industry, most
demand studies have failed to address price endogeneity and have assumed that prices are
exogenous, which contradicts basic economic theory of supply and demand*. Failing to
address price endogeneity can lead to models with biased coefficient estimates, which
can be misleading when making policy decisions. Therefore, price endogeneity is an
important methodological consideration that must be addressed. The second piece of the
objective is to correct for price endogeneity in the demand model by finding a valid set of
instrumental variables that can be used with instrumental variable estimation methods,
such as two-stage least squares regression. Instrumented variable methods allow for
consistent parameter estimation when an endogenous variable is present. Price elasticities
can then be estimated across different dimensions of the data, including advanced

purchase ranges.

* Price endogeneity will be discussed in more detail later in Chapter 5. Basically, price is endogenous when
price influences demand, but demand also influences price. We know that airlines use revenue management
strategies that set prices in response to changes in demand, indicating that prices should be endogenous.
Assuming that price is exogenous assumes that demand does not influence price, which is not the case in
most economic models of supply and demand.



1.3. Major Contributions

There are several major contributions of this dissertation. Perhaps most importantly from
a public policy perspective, this dissertation demonstrates the importance of disaggregate
data that describe individual airline behavior and prices. Much public policy discussion
and analysis relies on average market values that can hide important market behavior.
With the advent of internet-based ticketing, a powerful tool now exists that can be used to
understand some of the finer detail of airline markets and competition. This enhances the
ability of regulators, government officials, academics and airlines to better understand
issues related to fares and customer service and to make more informed decisions and/or
policies.

Another major contribution is in respect to the recent product debundling trends
that have occurred in the U.S. airline industry. Specifically, we estimate that the
debundling phenomenon has diluted revenues to the U.S. Airport and Airways Trust
Fund (AATF) by at least five percent. This is important as the AATF finances
investments in the airport and airway system. The AATF was established as a source of
funding that would increase concurrently with the use of the system, and assure timely
and long-term commitments to capacity increases. The finding that debundling has
diluted revenues to the AATF means that policy-makers may need to consider taxing
ancillary fees in the future in order to maintain the viability of the fund.

Another major contribution provides several new behavioral insights into seat
reservation fees. Seat fees are currently causing tensions among customers, regulatory
agencies, and airlines. Customers and regulatory agencies are focusing on the importance

of fee transparency and fairness, but airlines want to add complexity to further



differentiate fees across customer groups (e.g., by blocking premium seats for preferred
customers) so as to capture more of the consumer surplus. We find that customers are
between 2 and 3.3 times more likely to purchase premium coach seats (with extra
legroom and early boarding privileges) when there are no regular coach window or aisle
seats that can be reserved for free, suggesting that the ability of airlines to charge seat
fees is strongly tied to load factors. In an environment in which load factors are high, the
airlines’ ability to generate revenues from seat fees is strong. However, in the future if
load factors decrease, we would expect that the incremental revenues generated from seat
fee reservations would also decrease, which is something that airlines should consider
before investing in reconfigurations of airplane seats. We also find that customers who
purchase tickets closer to the departure date are willing to pay higher seat fees. We use
these model results to show that JetBlue’s seat fees are currently underpriced in many
markets; an optimal static fee would increase revenues by 8 percent whereas optimal
dynamic fees would increase revenues by 10.2 percent. In addition, if JetBlue were to
leave their seat fees unchanged and instead blocked certain rows of seats for premier
customers, they could potentially increase revenues by 12.8%. This finding underscores
the importance of ensuring customers are not inadvertently misled into purchasing
premium seats by seat map displays that block seats for premier customers.

Another major contribution is in modeling daily bookings and estimating airfare
price elasticities using daily online prices and seat maps from airline websites. Using this
data, we estimate airfare price elasticity using ordinary least squares (OLS) regression
without correcting for price endogeneity and two-stage least squares (2SLS) regression

which corrects for endogeneity. Results show the importance of correcting for price



endogeneity. In particular, models that do not correct for endogeneity find inelastic
demand estimates whereas models that do correct for endogeneity find elastic demand
estimates. This is important, as pricing recommendations differ for inelastic and elastic
models. Further, a set of instruments are found to pass validity tests and can be used in
future models of daily flight-level demand. To our knowledge, this is the first time online
seat maps have been used to estimate price elasticities, and this is also one of the first

studies to correct for price endogeneity in models of airline demand.

1.4. Dissertation Structure
The chapters of this dissertation are written in journal format. Each chapter begins with
an abstract, followed by background and motivation for the research, a discussion of
methodologies used, and main findings. Each chapter concludes with a discussion of
implications (for public policy, customers, and/or airlines), future research directions, and
a list of referenced literature.

Chapter 2 explores competitive airline pricing policies in markets with different
types of competitive market structures using a dataset of online prices from 2007. This
chapter was published in Transportation Research Record as part of the Airport
Cooperative Research Program’s Graduate Research Award Program on Public-Sector
Aviation Issues (Mumbower and Garrow, 2010).

Chapter 3 reviews product debundling trends that were quickly being
implemented in the airline industry in 2009-2010 (Garrow, Hotle and Mumbower, 2012).
Chapter 4 focuses on one popular debundling trend, seat reservation fees, and models

airline customers' premium coach seat purchases using a database of online prices and



seat maps collected from JetBlue’s website in 2010. Revenue implications for optimal
pricing strategies are further explored (Mumbower, Garrow and Newman, 2013).

Chapter 5 reviews the concept of price endogeneity in demand models, discusses
endogeneity bias, and explains how instrumental variable methods can be used to correct
for price endogeneity. Chapter 6 uses the methods discussed in Chapter 5 to correct for
price endogeneity in linear models of disaggregate flight-level demand. Price elasticities
are then estimated across several dimensions of the data, including different advance
purchase ranges.

This dissertation also includes Appendix A, which provides more detailed
information about an online dataset of competitor prices that was compiled using
automated web client robots. This dataset was used to formulate the set of instrumental
variables used to correct for endogeneity in the demand models of Chapter 6. We hope to
address research gaps by making this dataset publically available for other researchers to
use (Mumbower and Garrow, 2013). The dataset contains pricing information over a four
week booking horizon for 42 U.S. markets and 21 departure dates in September of 2010,

which amounts to over 228,000 price observations.
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CHAPTER 2: COMPETITIVE AIRLINE PRICING POLICIES

Mumbower, S. and Garrow, L.A. (2010) Using online data to explore competitive airline
pricing policies: A case study approach. Transportation Research Record:
Journal of the Transportation Research Board, 2184, 1-12.

2.1. Abstract
Since the mid 2000’s, the airline industry has seen volatile fuel prices, a record number of
carriers ending service, and a merger between two major airlines. In a time of such
turmoil in the industry it is increasingly important to understand the relationship between
airline consolidation and competitive pricing policies, as this relationship will directly
impact the formation of future airline policies associated with competition policy (anti-
trust), deregulation, and mergers. However, there is a lack of consensus about market
concentration and its influence on airfares, mainly due to data limitations of past
research. Given the emergence of online booking engines, there is a new opportunity to
collect detailed fare data. This project uses disaggregate, online airfare data to study the
relationship between market concentration and pricing policies. The dataset includes 62
markets that cover a broad range of market structures. A case study approach is used to
analyze the data. Using disaggregate fare data, this study finds low price dispersion can
be associated with both low and high levels of market concentration. As the day of
departure approaches, price dispersion is seen to either increase or decrease, depending
on the specific market. Additionally, peak and off-peak periods demonstrate differing
pricing strategies. Also, markets with codeshares are shown to sometimes exhibit

unusually high price dispersion.
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2.2. Background

Since its deregulation in 1978, the airline industry has seen a large number of changes.
Low cost carriers (LCCs) have penetrated the market and generally offer lower prices
than legacy carriers, mainly due to their significantly lower operating costs®. Between
2000 and 2008, the number of domestic passengers served by LCCs grew at an average
annual rate of 11 percent, while during this same time period many legacy carriers
experienced declining figures. Also during this time period, LCCs increased their weekly
departures and cities served by 60 percent. In the third quarter of 2007, Southwest
Airlines (the largest LCC) alone carried more domestic passengers than any other airline.
Although LCCs traditionally target leisure passengers, this has even begun to change.
More and more, LCCs are starting to target business passengers by flying in heavily
traveled business routes. It is apparent that competition in the airline industry has been
transformed by LCCs. (Steenland, 2008)

In addition to LCCs, the internet has also transformed the airline industry. On-line
travel agents such as Expedia® Orbitz®, and Travelocity® make it convenient for
customers to search the prices of multiple airlines across multiple departure dates.
Customers can find and purchase the lowest possible fare in a matter of minutes. In fact,
60 percent of leisure travelers purchase the lowest fare they can find (Harteveldt et al.,

2004; PhoCusWright, 2004). In a May 2008 testimony to the House Committee on

® See a book by Cento (2000) for detailed information about the differences between the business models of
legacy carriers and LCCs.
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Transportation and Infrastructure (Subcommittee on Aviation) about the impact of the
Delta and Northwest merger, Former President and CEO of Northwest Airlines, Doug
Steenland, refers to the internet as a “transparency revolution” and goes on to state that
online travel agencies “...have provided enormous benefits to consumers and have
increased the price-competitiveness of the airline industry. In fact, there are few
businesses in which there is as much pricing transparency.” (Steenland, 2008)

The growth of LCCs combined with the increased transparency of airfares has
led, at least in part, to lower average prices in the airline industry. Between 1995 and
2004, the prices that passengers paid for tickets declined by more than 20 percent after
adjusting for inflation® (Borenstein, 2005). While decreased prices are good for
consumers, its implications on airlines are quite the opposite. Airline operating costs have
increased dramatically over the last few years, but airlines have not been able to increase
fares to match rising costs. In the first quarter of 2009, U.S. network carriers reported a
total operating loss of $867 million, which was the sixth consecutive quarterly loss
(Bureau of Transportation Statistics, 2009). Between 2002 and 2008, four major carriers
filed for bankruptcy protection (Delta Air Lines, Northwest Airlines, United Airlines, and
US Airways). In addition, ATA Airlines, Skybus Airlines, and Aloha Airlines filed for

bankruptcy and ended service. Frontier Airlines has also filed for bankruptcy but has not

® 1t should be noted that during this time period, the airline industry faced an economic slowdown in 2000,
along with the terrorist attacks of September 11, 2001.
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ended service, and in 2008 Delta and Northwest merged in an effort to become more

financially stable.

2.3. Price Dispersion Literature
With the current state of the airline industry, it is not surprising that there has been a great
deal of interest in studying the effect of airline consolidation on airfares. In the past,
many researchers have studied how market structure affects the dispersion of airfares,
often called price dispersion. Price dispersion has been defined in many ways by different
researchers and is specific to the unit of observation of analysis. However, price
dispersion can generally be thought of as the difference between an airline’s highest and
lowest fares in a market. The interest in price dispersion of airfares was sparked when
Borenstein (1989) used government data sources to show that there is a negative
relationship between market concentration and price dispersion, meaning that as a route
becomes more dominated by one airline and moves closer towards monopoly the price
dispersion decreases . More specifically, he found that as a route moves closer towards a
monopoly, an air carrier’s low-end fares increase while high-end fares decrease, thus
decreasing the overall dispersion of prices (while increasing average prices). Over the
next several years, other researchers also used U.S. government data sources to study this
relationship empirically, with findings that supported the negative relationship between
market concentration and price dispersion (Borenstein and Rose, 1994; Hayes and Ross,
1998; Verlinda and Lane, 2004). A theoretical model also supported this relationship by
Dana (1999). These researchers also found many other factors that influence the

dispersion of prices. For instance, it has been shown that price dispersion increases with
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increased airport dominance (Borenstein and Rose, 1994), airport congestion (Borenstein
and Rose, 1994), and inter