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Abstract
Ancillary services have been contributing increasing amounts to airlines' total revenue. Over the
past decade, the number of ancillary services offered by airlines has proliferated, the quality has
improved, and they have provided benefits for both carriers and passengers. Nevertheless, the
pricing of the services, and particularly the interactions between the pricing of ancillary services
and the airline ticket, has not been examined in competitive networks with varying passenger
behavior assumptions. This thesis presents simulation tests quantifying the effects of ancillary
revenues on airlines' total revenue and other performance metrics.
We first introduce the history of airline ancillary services, explain the current airline revenue
management process and fare structure upon which ancillary purchases are based, and summarize
past literature on airline revenue management systems and airline ancillary services. We then
qualitatively explain current passenger ancillary purchase behavior models, including sequential
and simultaneous choice behaviors, and the impacts of the assumed behaviors on airline ticket
selections and ancillary purchases.
We then test the impacts of ancillary service pricing under the assumptions of our simulation
environment, the Passenger Origin-Destination Simulator. We test ancillary services under
different scenarios, including charging passengers differently (ancillary price segmentation) and
providing services differently to passengers (ancillary disutility differentiation) for different trip
purposes. The results show that the pricing of ancillary services can be leveraged by an airline as
a pricing tool; when an airline discounts an ancillary service, it can gain revenue at the expense of
other airlines. In our tests, when an airline discounts ancillary services for leisure passengers but
charges a premium to business passengers, it observes a 3.45% total revenue gain mostly from
increased leisure passengers' ticket revenues. The benefits of this asymmetric pricing could be lost
when other airlines match this discounted price. Furthermore, the results also indicate that
symmetric optimization of ancillary service pricing by all airlines in the market can lead to industry
gains as high as 1.47% in terms of total revenue. With some ancillary pricing structures, the
introduction of ancillary services encourages passengers to pay more for the ticket. The opposite
scenarios are also observed in some cases when the introduction of a service leads to a reduction
in ticket revenue.
Thesis Supervisor: Peter P. Belobaba
Title: Principal Research Scientist of Aeronautics and Astronautics
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Chapter 1

Introduction
In the short period of time after their existences, airline ancillary services have already
become a significant revenue source for airlines around the world. Before diving into a quantitative
analysis of ancillary service revenue, it is important to qualitatively understand the history and
current trends of ancillary services in the U.S. and worldwide. The research motivation and a brief
outline of this thesis are also included in this chapter.

1.1.

Global Trends of Ancillary Unbundling
Paid ancillaries began to be unbundled from the base fares of air tickets in recent decades,

initially as a way to remain competitive in terms of fares. To understand the evolution of airline
ancillary service unbundling, it would be helpful to first establish a definition. Sorensen (2011)
quoted a consulting company called IdeaWorks that defined ancillary revenue as: "Revenue
beyond the sale of tickets that are generated by direct sales to passengers, or indirectly as a part of
the travel experience" (p.6). The company further categorized ancillary revenue into the following
four aspects, as quoted by Sorensen (2011): "1) a la carte features, 2) commission-based products,
3) frequent flier activities, and 4) miscellaneous sources such as advertising" (p.6). Commissionbased products, frequent flier activities, and miscellaneous sources such as advertising can provide
airlines with considerable profits; IdeaWorks (2017) states that $14.3 billion, or 58.1%, of the
17

$24.6 billion total ancillary revenue generated by major U.S. airlines in 2017 was from frequent
flier and commission based ancillary activities. However, the focus of this thesis is on those
ancillary revenues directly related to air services: the a la carte features. These include any optional
paid services that a passenger is able to purchase in order to improve his or her travel experience.
Examples include onboard food and drinks, baggage fees, seat reservations, priority check-in,
expedited security screening, and in-flight Wi-Fi.
E2.5

o)

.

100%
90%
80%
. 70%
2 60%
150%
o
40%

E2.0 2
1.5
C1.0 T

30%

> 20%

E0.5

10%
0%

E0.0

Ancillary Revenue %

Other Revenue %

-+-Ancillary Revenue

Figure1.1.1. Ryanair Ancillary Revenues and Contributions to Total Revenue
Sources: Ryanair Statements and 20-K Reports

Although this thesis emphasizes a la carte ancillary revenues, airline ancillary revenue was
first generated in the form of commission-based products. As documented by O'Connell and
Warnock-Smith (2013), Ryanair-later followed by other European and worldwide Low-Cost
Carriers (LCCs)-first started its ancillary revenue stream by providing reservations for lodging
and rental cars online. As the ancillary model evolved, airlines advanced their stances and started
to "unbundle" ancillaries from base air tickets to promote sales and increase revenue (O'Connell
& Warnock-Smith, 2013). As time progressed, Ryanair earned more and more ancillary revenues.
As shown in Figure 1.1.1, the airline collected more than 2 billion in ancillary revenue in 2008,
up from 0.36 billion in 1999. The Compounded Annual Growth Rate (CAGR) of the ancillary
18

revenues in this period was 23.44%, surpassing that of the total operating revenue at 18.25%.
Ancillary services are now a key revenue component for Ryanair, and 28.2% of its total revenues
are currently collected as ancillary revenues.
IdeaWorks (2018a) also provides information on the key components of ancillary revenues
collected by LCCs around the world in 2017. Figure 1.1.2 shows that the main ancillary revenue
source for the LCCs was baggage fees, accounting for 60% of their total ancillary revenues.
Assigned seating and onboard services contributed 12% and 9% respectively, and other a la carte
services comprised the rest at 19%.

ther a la Carte
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Figure 1.1.2. Key Ancillary Revenue Components of the Low-Cost Carriers in 2017 (IdeaWorks, 2018a)

Nowadays, airlines around the world-not only LCCs-realize the importance of ancillary
revenue. According to IdeaWorks (2017), ancillary revenues collected globally increased from
$22.6 billion in 2010 to $82.2 billion in 2017. The contribution from ancillary revenue also
increased from 4.8% to 10.6% in the same period, as shown in Figure 1.1.3. It can be predicted
that airline revenues from ancillary services, both in terms of absolute scale and as a relative
percentage, will maintain their growth momentum by extrapolating current trends. For LCCs and
Ultra Low-Cost Carriers (ULCCs), ancillary revenues can help airlines decrease their base ticket
prices to be competitive. For Network Legacy Carriers (NLCs), ancillary services can help airlines
to offer tickets at lower prices in order to compete with their lower-cost counterparts. Additionally,
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as stated by Oliver Wyman (2014) in their 2014 Airline Economic Analysis report, airlines find
that passengers are less price sensitive to ancillary prices; this stability could help airlines when
the travel demands or ticket prices fluctuate.
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Figure 1.1.3. Global Annual Ancillary Revenue and Revenue Contributions Trends
Sources: IdeaWorks Report(IdeaWorks, 2017)

As promising as it seems to be, the future growth of ancillary services remains unclear. In
particular, two questions are often raised. The first is whether there exists a maximum amount of
ancillary revenue that could be collected; the second has to do with consumers' reactions towards
paid ancillary services, especially services that used to be free and were then unbundled from the
ticket. The answer to the first should be yes in terms of percentage. According to IdeaWorks
(2018b), the top five airlines ranked by ancillary revenue as a percentage of total revenue in 2017
were Spirit Airlines, VivaAeroBus, Frontier, Wizz Air, and Allegiant, at 46.6%, 43.6%, 42.4%,
41.6%, and 39.8%. The top five airlines exceed other airlines by a considerable margin, with the
sixth, Volotea, achieving 34.2% and the seventh, WOW air, 28.8%. As shown in Figure 1.1.4, only
a few airlines can drive ancillary revenues to exceed 30% of their total revenue, and a small number
of ULCCs are able to raise ancillary sales to more than 40% of their total revenue. As far as the
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author knows, no existing academic study examines this percentage ceiling of the ancillary
contribution. However, the former CEO of Spirit Airlines Ben Baldanza once predicted: "Right
now, roughly 35% of our revenue is from ancillary sources. We believe we can push the percentage
to 50% or maybe even 60%" (Karp, 2011). With the top NLCs receiving less than 15% revenue
from ancillary revenues and with only a few ULCCs currently receiving more than 40% of their
revenues from ancillaries, the limits of ancillary revenue remain to be seen.
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Figure 1.1.4. Percentage Contribution of Ancillary Revenue to Total Revenue for 2017 (IdeaWorks,

2018b)

The second question, regarding the consumer criticism of ancillary charges, should not be
overlooked. To be exact, two types of ancillary services can be provided: 1) the offering of new
services that previously did not exist, like Wi-Fi services, or 2) the unbundling of ancillary services
that used to be free, like seat selection services. For the first type, the airline is adding value to its
passengers' travel experience. As a result, charging fees for these services might not receive the
same negative consumer responses as unbundling. In contrast, ancillary unbundling-charging a
fee for those previously free services-can lead to adverse consumer responses like "retaliation
and/or avoidance" as demonstrated by Tuzovic, Simpson, Kuppelwieser, & Finsterwalder (2014).
In their paper (Tuzovic et al., 2014), they investigated 423 responses gathered by a travel agent,
and concluded that unbundling ancillary services triggers negative feelings. They also draw
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similarities between the consequences of air travel customer behavior with previous general price
fairness studies (Bechwati & Morrin, 2003; Bechwati, Sisodia, & Sheth, 2009).
However, the results stated above are the claimed preferences of consumers rather than the
real decisions made by passengers. Whether these negative emotions towards unbundling would
jeopardize the expected benefits is still in doubt. As far as the author has reviewed, there is no
comprehensive analysis of the observed financial impacts of customer responses to unbundled
airline ancillaries due to negative emotions; however, one study has concluded that even with the
baggage fee, which makes consumers feel more betrayed (Tuzovic et al., 2014) than other
ancillaries related to entertainment, increasing the fee still leads to higher revenues even with a
relatively insignificant amount of consumer diversion (Scotti & Dresner, 2015). Offering more
and more ancillary services, or increasingly unbundling ancillary services from ticket fares, might
incur public relationship difficulties for airlines; nevertheless, looking at the industry-level,
negative feedback from consumers has not hindered this trend of ancillary unbundling.

1.2.

Ancillary Revenue Trends in the U.S. Airline Industry
Since 2000, the U.S. airline industry has witnessed strong growth in ancillary services and

revenues. From 2007 to 2017, the entire industry witnessed 11.08% CAGR in ancillary revenues
according to the Bureau of Transportation Statistics (BTS) Form 41 schedule P1.2 data. In 2017
the major passenger airlines of the U.S.-as defined by the BTS under the Department of
Transportation' (2018)-collected USD 13.03 billion in ancillary revenues, which represents 7.84%
of the airlines' system total operating revenue.
The BTS Form 41 data mentioned above is a unique and valuable asset for scholars
studying the U.S. airline industry, although the data that it presents does not include all ancillary
revenue for U.S. carriers. The ancillary revenue reported in Form 41 schedule P1.2 only includes

' For FY2019, the BTS includes the following passenger airlines as Group III air carriers: Alaska Airlines, Allegiant
Air, American Airlines, Delta Air Lines, Envoy, Frontier Airlines, Hawaiian Airlines, JetBlue, Republic Airlines,
SkyWest, Southwest Airlines, Spirit Airlines, and United Airlines
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and separates PassengerBaggagefees, Reservation CancellationFees, Miscellaneous Operating
Revenue as standalone accounting items. Meanwhile, "On-board sales of food, drink, blankets,
pillows & entertainment" and seat selection revenue are assimilated into transport-related revenues
(Bureau of Transportation Statistics, 2009). Other types of ancillaries, like Wi-Fi and priority
boarding, are also not required to be reported separately.
This lack of categorization means that the total amount of ancillary revenues, including the
numbers reported in this thesis, appear lower than the real figures. Attempts to include more
detailed ancillary revenue reports were made by adding a newly required form in Form 41 as
schedule P.9 Statement of Ancillary Revenues. By using the charge code of the Airline Tariff
Publishing Company (a major company that distributes airlines' fare-related data to the public and
aviation industry), tens of different ancillary revenues could have been reported separately (Bureau
of Transportation Statistics, 2011). Nevertheless, neither schedule P.9 nor other attempts been
legislated as of early 2019. As a result, readers of this thesis are reminded that the U.S. airline
ancillary revenues reported by BTS in this section are likely to be significantly lower than the real
values. Hence the direct comparison of data from BTS and data from other sources, including
IdeaWorks, should be avoided.
The annual ancillary revenues of the network airlines in the U.S. (American Airlines, Delta
Airlines, and United Airlines) and other major airlines are plotted in Figure 1.2.1. From this figure,
it can be observed that the growth rates of ancillary revenues of the network carriers have been
very stable since 2008. In contrast, the ancillary revenues of other airlines steadily increased from
1998 to 2012, decreased in 2013, and have been increasing since 2014. The decrease of ancillary
revenue in 2013 is likely to be caused by the acquisition of AirTran Airways by Southwest Airlines;
since Southwest Airlines does not charge for checked bags, the acquisition decreased the total
amount of checked bag fees received by the industry, since the passengers now traveling with
Southwest airlines no longer paid for their checked bags. In 2017 the three network carriers
collected more than $8.3 billion, while other airlines collected a total of $4.7 billion.
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Figure 1.2.1. Annual Ancillary Revenue Reported by BTS Form 41.
Network carriers include American Airline, United Airlines, and Delta Airlines. Others include Alaska
Airline, Allegiant Air, Frontier Airlines, Hawaiian Airlines, JetBlue, Southwest Airlines, and Spirit Airlines

Although the three network carriers collected far more ancillary revenues in absolute terms,
the other airlines, including the LCCs and ULCCs, collected more ancillary revenues relative to
their respective total operating revenues. Figure 1.2.2 shows the revenue contributions of ancillary
revenue as a percentage of the carriers' total system operating revenue. From the graph, we can
observe that the line representing LCCs and ULCCs is almost always above the line representing
the three network carriers. In fact, the revenue contributions from ancillary revenue approached
15% in 2017, while this figure for the three network carriers is only about 7%. Extrapolation of
past results into the future indicates that the revenue contributions from ancillaries have the
potential to increase, especially for the network carriers.

24

-A

16%
t

0

14%

0
*

~ 12%
10%

.3

0

8%

o

6%

a.

4%

2%
0%

---

Network Carriers

--

Others

Figure 1.2.2. Revenue Contribution of Ancillary in System Total Operating Revenue.
Network carrier includes American Airline, United Airlines, and Delta Airlines. Others include Alaska
Airline, Allegiant Air, Frontier Airlines, Hawaiian Airlines, JetBlue, Southwest Airlines, and Spirit Airlines

For those LCCs and ULCCs with business models that depend more on ancillary revenues,
the overall growth rates of ancillary revenues and the revenue contributions from ancillaries are
even higher. Per the BTS schedule P1.2 data, ULCCs have achieved 17.21% CAGR in ancillary
revenue in the past decade. Furthermore, for a number of rapidly growing airlines like Spirit
Airlines, ancillary revenues contributed $1.143 billion, or 43.13% of the total revenue, in 2017.
Figure 1.2.3 presents the airlines' ancillary and other revenues during recent years (Bureau of
Transportation Statistics, 2017).
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In conclusion, ancillary revenues collected by U.S. airlines have been steadily increasing.
This increase has stemmed from both the unbundling of ancillary services and the development of
new services and products. The network carriers collect more ancillary revenue than other airlines
because of their larger passenger bases. Although the LCCs and ULCCs collect less ancillary
revenue in absolute terms, they receive much greater revenue contributions from ancillary
revenues. All recent ancillary revenue trends illustrate an upwards momentum in the U.S. airline
industry.

1.3.

Research Motivation
Compared with the models, methodologies, and algorithms of the revenue management

systems developed for tickets, those for ancillary revenues have been investigated less thoroughly,
partially due to their relatively shorter time of existence. The airline industry now demands a
rigorous investigation into how ancillary offerings and pricing interact with ticket bookings and
revenue, especially with the advent of the New Distribution Capability and the proliferation of the
ancillary service portfolio. The New Distribution Capability enables airlines to present product
offerings, including ancillary offerings, in a potentially more attractive way to promote sales
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Furthermore, the proliferation of the ancillary portfolio is expanding passenger choices both
horizontally in terms of ancillary types and vertically in terms of ancillary quality.
This thesis responds to this lack of investigation. Currently, the existing literature either
suggests theoretical passenger ancillary choice models or attempts to regress mathematical models
from collected real-world data. None of the literature reviewed by the author reviewed, however,
applies the current theories in a competitive environment for sensitivity testing.
Therefore, this thesis presents a comprehensive study on the revenue management impacts
of passengers' ancillary choices, including from ancillary revenue itself and from the interactions
with airline and fare class choices. Using the Passenger Origin Destination Simulator (PODS),
many simulations are conducted to explore short-term pricing decisions available to the airline
industry and the corresponding responses from passengers. As a result, long-term decisions on the
type and quality of ancillaries to be offered could be informed. To be more specific, long-term
strategies involve various types and quality of ancillaries to be offered, while short-term strategies
include different pricing strategies, such as changing the general price levels and segmented
pricing by passenger type. The author hopes that this thesis could serve as a whitepaper for airlines
balancing the long-term costs of ancillary services and the short-term revenue recoveries of the
services provided.

1.4.

Outline of the Thesis
The purpose of this thesis is to provide a comprehensive introduction and conduct

sensitivity tests of ancillary offerings and pricing strategies for airlines in competitive
environments. With this goal in mind, the remainder of the thesis is divided into two parts.
The first part of the thesis presents theories on airline revenue management, passenger
choice, and ancillary purchasing models. This information on revenue management and passenger
behavior are the foundations on which ancillary purchases and revenues are based. To be more
specific, Chapter 2 reviews past literature on airline revenue management and airline ancillary
revenues, while Chapter 3 discusses existing knowledge on airline ancillary purchases.
2I

The second part of this thesis introduces, analyzes, and concludes the performed
simulations. Chapter 4 lays out the simulation environments and presents the simulation results.
The effects of providing ancillaries at different levels of attractiveness and price, as well as revenue
management impacts of segmenting the ancillary price for business and leisure passengers, are
also scrutinized in detail. In the final chapter, Chapter 5, conclusions on the simulations are
summarized and the future implications for the airline industry are outlined.
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Chapter 2

Airline Revenue Management and Ancillary
Services: Models and Literature Review
This chapter provides an overview and literature review of the current airline Revenue
Management (RM) system models and ancillary services. First, the concept of differential pricing
is introduced, upon which the current (RM) systems and very likely future ancillary revenue
management functionality rely heavily. Second, the current RM system models and algorithms are
briefly explained, as sensitivity tests on ancillary revenue are dependent on the passenger numbers
and mixes influenced by these RM methods. Finally, a literature review presents past research on
airline ancillary revenue.

2.1.

Introduction
To better understand the impacts of ancillary services on airline RM, it would be beneficial

to understand the assumptions and working mechanics of the current RM systems for air tickets.
The nature of the industry encourages scholars to explore the path of revenue maximization as a
way to maximize profit: the operating costs of flights are often considered fixed in the short term,
since of the four components of aircraft operating costs (crew costs, fuel costs, equipment
ownership costs and maintenance costs) only the fuel costs can be considered as recoverable if a
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flight is canceled before departure. The three other costs are still largely incurred once the flight
and crew schedules are set and aircraft purchase orders are made. As a result, revenue
maximization is a very important path to profit maximization: it not only helps to recover the
greatest amount of revenue but also enables airlines to cope with fluctuations in demand.
The processes of airline revenue maximization consist of two steps: differential pricing and
RM. Differential pricing allows an airline to offer the same or different products on the same
origin-destination market at different price points, while RM optimizes the numbers of seats to be
offered at different price points. These two steps are elaborated in the following sections.

2.2.

Differential Pricing
Differential pricing is a pricing strategy utilized by most airlines that enables revenue to be

increased without inviting significant changes in costs. In the future this strategy could also
potentially be applied to airline ancillary services pricing and revenue management.
Figure 2.2.1 shows the benefits of differential pricing for an airline, where the x-axis
indicates the quantity, and the y-axis indicates the price and illustrates the existence of demand, or
passengers' willingness-to-pay for air travel. At price P1 there would be QI amount of demand,
and the area in blue represents the revenue receivable by airlines. Without differential pricing an
airline can only charge one price to all its passengers, say P1, and receives the revenue represented
in the blue shaded area. With differential pricing, however, the airline is able to charge at multiple
price points, say P2 and P3 in addition to P1. In this case additional revenues are also available to
the airline, as represented by the orange areas. These incremental revenues come from passengers
with a low willingness-to-pay who are not able to afford a ticket at price P1, and from the additional
revenues of the high willingness-to-pay passengers who pay less than what they can. It is important,
however, to set restrictions on the tickets sold at lower prices to prevent diversion, or to avoid
passengers with higher willingness-to-pay purchasing tickets at lower fares. In the aviation
industry these discrete price points are referred to as fare classes, and the restrictions associated
with different fare classes include advance purchase restrictions, minimum stay restrictions and
refund/change restrictions, among others.

P3
Demand (Willingness to pay)
P1
P2

Quantity
Figure 2.2.1. Differential Pricing

2.3.

Airline Revenue Management Practices
Many scholars have devoted their efforts to this specific area of airline RM practice, as

airlines work differently from many other industries, especially the methods used to maximize
revenue. The major challenges that exist in airline RM can be divided into two categories:
forecasting demand; and accommodating forecasted demand or optimizing fare class availability.

2.3.1. RM Forecasting Models
The forecaster in an RM system utilizes past data on bookings to predict future travel
demands. The challenges in forecasting air travel demand lie in the following aspects: first, the
supplies of seats are perishable, as the value of the seats is erased immediately after the flight
departs; second, the higher value demands often arrive later than lower value demands; third, the
capacity is often constrained by aircraft seating capacity. These three characteristics require a
number of seats to be protected near to departure, but not so many that an aircraft takes off with
empty seats.
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The forecast can be generated on the leg level or the path (origin-destination) level by fare
class. Three major forecasting methods are currently used: standard forecasting, willingness-topay based forecasting, and hybrid forecasting.
Standard forecasting, first published by Littlewood in 1972, uses simple algorithms to
forecast the demand for a fare class by calculating the average of previously observed demands
for the same flight leg or the same origin-destination path. By assuming that the demands for
different fare classes are independent, the demands for one fare class would not book into other
higher or lower fare classes (Littlewood, 1972). With the current global trend of simplifying fare
structures, standard forecasting might be less effective because of this independence assumption.
To be more specific, Network Legacy Carriers (NLCs) are removing restrictions on fare classes in
response to competition from Low-Cost Carriers (LCCs), making the demand for different fare
classes less independent when passengers buy down fare classes with an absence of restrictions.
As a result, willingness-to-pay based forecasting methods like Q-forecasting have been
developed. Since a rational passenger would buy the lowest available fare class with the absence
of fare class restrictions, Q-forecasting forecasts the demand for the lowest fare class onlydenoted by

Q class-and

then determines the demand for higher fare classes using estimations of

passengers' willingness-to-pay (Belobaba & Hopperstad, 2004). Hybrid forecasting utilizes both
methods, using standard forecasting for product-oriented passengers, and willingness-to-pay based
methods for price-oriented passengers.
Forecasts made based on observed bookings only might be biased, since airlines might
refuse bookings when capacity is limited or when enough higher revenue demand is present. As a
result, demand is sometimes truncated due to the closing of lower fare classes. Therefore, the
observed demand requires unconstraining or detruncation. Multiple detruncation models have
been developed and applied, with one of the least sophisticated being the Booking Curve (BC)
detruncation. A BC detruncator constructs booking curves by creating averaged percentage arrays
that store how many of the seats are usually booked by certain times from unconstrained
observations. When an observation is closed, the percentage of total seats booked at the last
unclosed time frame is divided by the that of the average of the unconstrained observations at the
same time to calculated the expected total demand for that flight if it had not been closed. The
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demand in each time frames is then calculated by multiplying the total demand by the BC
percentage in each time frame. Wickham (1995) provided a thorough explanation and numerical
example of this process.
Other more sophisticated methods also exist, like the Expectation Maximization (EM)
detruncator, which utilizes the assumed statistical distribution of demand. For example, if the
unconstrained demand conforms to a normal distribution, an observed constrained demand should
conform to a truncated normal distribution, which results from capping the right tail of the
unconstrained demand distribution. Then, using the maximum likelihood estimator with the mean
and variance of the unclosed observation distribution, an EM detruncator calculates the expected
demand for that closed observation. Subsequently, the detruncated demand is included in the mean
or the variance of the "unclosed observation." With the new set of mean and variance, the
maximum likelihood expectation is calculated iteratively until the means and variances converge.
During previous development of this algorithm, Little and Rubin (1988) explained the EM method
and provided detailed numerical examples in their book, although not in the context of the aviation
industry. Weatherford and Pblt (2002) tested the EM algorithm and found it to be more robust with
over 20% of the observed data constrained in the context of the aviation industry.

2.3.2. RM Optimization Models
Given a pre-determined set of price points, or fare products, an optimizer determines the
optimal number of seats to be sold at different price points in order to maximize the total revenue.
At the start of the optimizing process, the demand for different fare products is assumed to be
independent. This makes the problem equivalent to finding the numbers of seats to be released at
different prices for a single flight leg that would maximize the expected revenue. Littlewood
(1972) initially solved this problem with two nested fare classes, with the assumption that all of
the demand for the higher fare classes arrives later than demand for the lower fare classes Belobaba
developed a heuristic solution for multiple nested fare products called the Expected Marginal Seat
Revenue (EMSR) and later extended it to EMSRb in order to better approximate the optima.
Nowadays the EMSRb is still commonly used, both directly and indirectly as an intermediate step,
by airlines around the world.

Expected Marginal Seat Revenue (EMSR)
By assuming that the demand for different fare products is independent and stochastic, and
assuming that the demand for lower fare classes all comes earlier than the demand for higher
classes, an EMSRb optimizer finds the optimal mix of fare products to be sold by calculating the
expected marginal seat revenue. To be more specific, a seat should be released to lower fare
classes, or remain unprotected for higher fare classes, only when the expected revenue for that
seat-calculated by multiplying the probability of sale of the seat at a certain price by that priceis higher at lower fare classes than at higher fare classes due to a higher probability of sale. Starting
from fare class 1, or the most expensive fare class, a booking limit is set at the number of the seats
that have a lower expected revenue sold at fare class 1 than at fare class 2. Then, the booking limits
for each of the other lower fare classes are calculated and set to jointly protect the higher fare
classes. Belobaba (1987) first developed the mechanics of the EMSR as the EMSRa and later
&

extended it to the EMSRb in order to improve estimations of the solution (Belobaba
Weatherford, 1996).

Displacement-Adjusted Virtual Nesting (DAVN)
Rather than optimizing revenues on single flight segments, Displacement-Adjusted Virtual
Nesting (DAVN) was developed to optimize revenue on passenger paths by performing network
optimizations. In brief, shadow prices, or the value of the last seat, are calculated for each flight
using linear programming techniques. These shadow prices are then used as the "displacement
costs" of flight segments, representing the cost when carrying a connecting passenger who uses
this seat that potentially displaces a local passenger paying the shadow price on that leg.
Furthermore, different fare classes on different origin-destination paths are ranked after subtracting
the shadow prices associated with the legs traversed. Lastly, itinerary fares with similar
displacement-adjusted revenues are grouped and mapped into virtual buckets, and availability
control is performed similarly to the EMSRb on these virtual buckets. This method originated from
Smith and Penn (1988) and was tested and explained further by Williamson (1992).

Probabilistic Bid Price (ProBP)
Another mechanism to determine network fare class availability is bid-price control. In brief,
a bid price, similar to that of the shadow price in the DAVN case, is calculated and stored for each
of the flight segments. When a booking request is initiated, the request is only accepted if the fare
is greater than the sum of the bid prices associated with the flight segments traversed. This
mechanism was developed by Simpson in 1989 (1989) and tested by Williamson (1992). Although
many mathematical models are available to calculate the bid prices for the flight segments, a
method called ProBP has been implemented in the simulation environment for use in this thesis.
This method is a probabilistic network convergence algorithm that was introduced by Bratu
(1998). Using the shadow prices of the flight segments, ProBP prorates the origin-destination fares
to leg-prorated fares. With the new sets of leg-prorated fares, the shadow prices of the flight
segments are calculated again until convergence is achieved. After the bid prices converge, those
values are used to determine OD fare availability using bid price control logic. Due to the nature
of its algorithm, ProBP required more frequent re-optimization processes. In PODS, ProBP is reoptimized daily.

Unbucketed Dynamic Programming (UDP)
Using the same bid-price control logic, but taking the calculations of bid prices even
further, dynamic programming (DP)-based optimization methods allow dynamic uses of bid price
depending on remaining capacity, time to departure, and potentially additional criteria. Due to the
computational resources required, DP-based optimization methods are only feasible on the leg
level rather than the path level. By assuming a Poisson distribution of passenger arrival, the
booking horizon is discretized into infinitesimal time slices during which only one booking request
could be initiated, conforming to an arrival rate. Then, a bid price is calculated for each of the time
slice/remaining capacity combinations for each of the legs. When determining if an itinerary fare
combination should be accepted, the bid prices would be looked up for that time and with the
current remaining capacity. After Lautenbacher and Stidham (1987) introduced the method to the
airline industry, Hopperstad (2009) developed Unbucketed Dynamic Programming (UDP) and
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incorporated this algorithm into the simulation environment for use in PODS, or the simulation
environment to be used for this thesis.

Marginal Revenue Optimization - Fare Adjustment
Fare Adjustment (FA) is not an RM optimizer itself; it is an add-on tool to an optimizer to
alleviate the consequences brought by the trend of simplifying fare structures. This method was
first developed independently in 2005 by Fiig, Isler, Hopperstad, and Cleaz-Savoyen (2005) and
Isler, Imhof, and Reifenberg (2005), and then explained thoroughly (Thomas Fiig, Isler,
Hopperstad, & Belobaba, 2010) and integrated with other RM components. With a less restricted
fare structure, gaining higher fare class bookings might depend on the closing of lower fare classes.
Therefore, opening a lower fare class might lead to the loss of total revenue due to buy-downs
from higher fare classes. Hence, FA uses willingness-to-pay estimations to change the fare ratios
in the optimizers so that the optimizer perceives lowered received revenues for lower fare classes.
As a result, it protects more seats for the higher fare classes since they are now more valuable
relative to the adjusted lower fare classes.
The mechanics of Willingness-To-Pay (WTP) estimation for use by FA are referred to
FRAT5, or the Fare Ratio at which 50% of passengers will sell up, and could also be understood
as the median of passengers' willingness-to-pay: the higher the number, the more passengers are
willing to pay a greater amount for the flight. Figure 2.3.1 shows examples of FRAT5 curves. The
x-axis represents time frames or re-optimization points during the booking process; the larger
number of the time frame, the later in the process the time is. The y-axis of the graph is the fare
ratio at which 50% of passengers sell up. For example, with the FRAT5 C curve near the end of
the booking process, the mean of passengers' willingness-to-pay is estimated to be three times the
base fare.
The ratios in the pre-set FRAT5 curves could be further tuned to be more aggressive (higher
estimations of willingness-to-pay) or less aggressive (lower estimations of willingness-to-pay) by
adding a scaling factor ranging from 0 to 1. A scaling factor of 1 represents an unmodified FRAT5
curve, while a scaling factor of 0 produces the least aggressive curve.
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Figure 2.3.1. Example FRAT5 Curves

2.4.

Airline Ancillary Revenues
Airline ancillary services are comparable to add-on products as referred to in general

economic terms and the literature. These optional services and products provide additional value
only when purchased with a main product (Lal and Matutes, 1994): for example, the optional bag
check service only provides additional value to a passenger if it is purchased with a main service
or the air ticket.
Many previous studies on general add-on products can inform thoughts on airline ancillary
services. Fruchter, Gerstner, and Dobson (2011) recognized that consumers have different
valuations of add-ons and main services. They conclude that under scenarios where some
consumers have a higher valuation of ancillary services relative to the main service, yet some
consumers value ancillary services highly, providing free ancillary services allows a firm to be
more profitable by enabling it to raise the main service price in a monopoly situation (Fruchtet et
al., 2011). Geng and Shuman (2015) performed a thorough analysis of different passenger
valuations, demand levels, ancillary costs, and price sensitivity combinations and provided
analytical outcomes of these combinations. They predicted that in some of the scenarios, say when
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consumers experience large variations in price sensitivity, cutting ancillary costs leads to an even
larger reduction in revenue that gives rise to profit losses (Geng & Shulman, 2015). Meanwhile,
Cui, Duenyas, and Sahin developed a theoretical model which demonstrated that for a firm using
price discriminations-such as an airline-it is advisable to unbundle ancillary services from the
main service if the add-on purchase rate is low; they also pointed out, however, that ancillary
bundling in these price-discriminative firms can extract more of the consumer surplus from
passengers with a higher willingness-to-pay (Cui et al, 2015).
Airline-specific studies have also been conducted in recent decades. Warnock-Smith,
O'Connell, and Maleki (2017) concluded that passengers' valuations of ancillary services vary
significantly by trip purpose, trip length, and carrier type, using stated preferences from surveys
(Warnock-Smith et al., 2017). Based on this finding, they advise airlines to apply more targeted
marketing techniques. Balcombe, Fraser, and Harris (2009) further quantified that passengers'
average willingness-to-pay changes per one additional inch of seat pitch and width with the
availability of meals, and with other ancillary service options by applying a mixed logit model on
passengers' stated preference over ancillary options. Based on this data, that found that an average
passenger's willingness-to-pay for ancillary services that make his or her trip more comfortable is
E120, while passengers of different ages demand different ancillary services (Balcombe et al.,
2009). Wittmer and Rowley (2014) also used surveys to reveal passengers' stated preferences, and
proved the feasibility of "ancillary bundling" or selling multiple ancillary services in one package.
They also pointed out that ancillary services of the "hospitality" type, including preferred seat
selection and lounge access, are considered by economy class travelers as the most important type
of ancillary (Wittmer & Rowley, 2014). Furthermore, Rouncivell, Timmis, and Ison unveiled a
high correlation between preferred seat purchase on a flight with the passengers' previous flights,
the airline's reputation, and the flight schedule. This finding suggests that passengers might have
relatively consistent valuations for ancillaries with a certain quality (Rouncivell et al., 2018).
Many scholars have devoted time to studying the impacts of checked bag fees. Tuzovic (Tuzovic,
Simpson, Kuppelwieser, and Finsterwalder (2014) concluded from survey results that passengers
perceived ancillary service charges differently depending on the nature of the ancillary service:
they felt the least betrayed when charged for entertainment services and the most betrayed for
checked bags.

Nevertheless, O'Connell and Wamock-Smith (2013) stated that passengers'
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acceptance of checked bag fees is increasing due to the prevalence of airlines that charge for this
service. Brueckner, Lee, Picard, and Singer (2015) analyzed DOT data and found an average $7
drop in 25% percentile fares paid when airlines charge for checked bags. This suggests some
reduction in expenditure for passengers who do not check a bag yet an expenditure increase for
passengers who do check bags, since the fee is $25 (Brueckner et al., 2015). Scotti and Dresner
(2015) expanded the analysis to the demand level and concluded that an average passenger's price
elasticity on a checked bag is only one-ninth of that of the ticket fares. This supports the statement
that airlines can increase total revenue by increasing ancillary price rather than ticket fares to
reduce the loss of passengers to other airlines. They also calculated that on average, a $1 fare
increase in first baggage check fees leads to a $0.11 decrease in fares and less than one diverged
passenger to other airlines (Scotti & Dresner, 2015). Using DOT Data, Nicolae Nicolae, Ferguson,
and Garrow (2016) demonstrated that the passengers diverted to airlines charging lower or no
baggage fees are in general more price sensitive. They also suggested that airlines which charge
baggage fees that have non- or lower-fee competitors should leverage these price-insensitive
passengers and provide better services for those passengers (Nicolae et al., 2016).

2.5.

Summary
This chapter introduces the background information of airline RM and ancillary revenue.

The foundation of airline revenue maximization is differential pricing: airlines, in order to
maximize revenue, attempt to make passengers to pay as high as their WTP allow. The RM
forecasting and optimizing methods introduced in this chapter enable airlines to achieve this goal.
These methods have been evolving and advancing with time according to the changes in the
competitive landscape, noticeably in the transition from the previous independent fare class
demand assumption to the current unrestricted fare class forecasting and optimizing with
dependent demand assumption.
Past literature investigates the theoretical methods of maximizing airline ancillary or total
revenues, as well as the real-world impacts of ancillary revenues to traffic and ticket revenues.
This literature suggests ancillary services to be a promising area for further investigation and
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optimization, since many of the papers show positive revenue gains with the introduction of an
ancillary service. Although many scholars have devoted much time and effort to investigating addon services and airline ancillary revenues, as far as the author knows, no paper provides
comprehensive sensitivity tests on passengers' ancillary valuation and airlines' ancillary pricing
options. The rest of this thesis is focused on explaining the current ancillary purchasing behavior
models and presenting sensitivity results.
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Chapter 3

Modeling

Passenger Ancillary

Purchasing

Behavior
To better study the mechanisms used to optimize an airline's ancillary and total revenue,
scholars must quantify passenger valuations of an ancillary's worth and understand the impacts of
passengers' ancillary choices on their air ticket choices. Compared with the processes of decisionmaking on itinerary/fare class decisions, more assumptions on the passenger knowledge and
behaviors regarding ancillary services have to be communicated and evaluated: is the passenger
fully informed about the ancillary options? Is the passenger rational and do they have a clear
understanding of his or her budget for the ancillary beforehand? Will a passenger make trade-offs
between the discomfort brought by buying a lower fare class and not having an ancillary service?
Many similar behavioral assumptions could have significant impacts on an airline's revenue results.
In this chapter, passenger valuations of ancillary services and several potential passenger behaviors
in decision-making processes involving ancillary services will be introduced and explained. Some
numerical examples are also provided to further explain ancillary purchasing behavior and its
potential impacts on passenger itinerary/fare class decisions involving ancillary services.
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3.1.

Factors Affecting Passengers' Ancillary Purchase Decisions
Similar to the decision-making processes for path/fare class, the ancillary price and

disutility of not having the ancillary service both affect a passenger's purchasing decision.
Disutility is the inverse of utility. The utility is the value of a consumer receiving a good or service,
while the disutility, to be elaborated in the subsequent paragraphs, is the discomfort of a consumer
when they do not receive a product or service. Generally speaking, when a passenger's valuation,
or the disutility of not having an ancillary service, is greater than the offered price, the passenger
chooses to purchase the ancillary service subject to budget constraints. If the perceived value of
the ancillary is lower than the price, the passenger will choose not to purchase it.

3.1.1. The Disutility of Not Having an Ancillary Service
As defined by the Cambridge Dictionary (Cambridge Business English Dictionary, 2018),
disutility is "the harmful effect of something, such as a lack of satisfaction or success." In the
context of the airline industry, disutility is a quantification of the discomfort that a passenger
suffers from not purchasing or receiving an ancillary service or product. It can also be understood
as a passenger's valuation of an ancillary service: the more a passenger values an ancillary service,
the more uncomfortable he or she feels without it. For a business traveler, having access to an
inflight Wi-Fi service might be crucial on busy days to catch up with time-sensitive emails in
transit, which makes his or her disutility on the Wi-Fi ancillary service very high for that flight.
For a leisure passenger, not checking a bag, for example, could impose difficulties for the
passenger since he or she might have to purchase more travel necessities at their destination, even
if the passenger already possesses them. Leisure passengers are likely to stay longer in leisure
destinations than business passengers, who might stay for one or two days for a meeting; therefore,
checked bag service might impose higher disutilities on leisure passengers.
The disutility of not receiving an ancillary is one attribute of a passenger for a particular
trip, and therefore cannot be directly changed by an airline. However, an airline is able to influence
passengers' ancillary disutility in multiple ways. First, an airline can choose to market an ancillary
service more attractively. For example, selling a premium economy seat with all of the benefits
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highlighted in attractive narrations and an actual image of the seat could increase a passenger's
desire for the product, compared with just including a brief description. Second, an airline can also
improve or downgrade its ancillary service qualities to increase or decrease passengers' disutilities.
For instance, providing higher-speed inflight Wi-Fi might increase passengers' valuations since
elevated connection speeds enable passengers to accomplish more tasks in a shorter time. Many
factors might influence a passenger's perceptions of an ancillary. To name a few:
*

Quality or attractiveness of an ancillary: a well-informed and rational passenger would desire
an ancillary service more if it is higher quality and more attractive.

" Trip purpose (e.g., business, leisure, visiting friends and family): passengers with different trip
purposes may have different disutilities for the same ancillary service. Checked bag service,
for example, would appeal to leisure passengers more than business passengers.
* Trip length and market: passengers' disutilities vary with market and trip length: a seat with
extra legroom might be more attractive on an international long-haul route than a one-hour
shuttle flight.
" Carrier type (Network Legacy Carries (NLCs), Low-Cost Carriers (LCCs), and Ultra-LowCost Carriers (ULCCs)): carrier types also influence passengers' disutilities on an ancillary.
For instance, the same extra legroom seat with 36 inches of seat pitch might be more desirable
on a ULCC with an average seat pitch of 29 inches than on a network carrier that offers at least
34 inches of pitch for every seat on their aircraft.

With this natural variation of disutility, it would be more robust to model passengers'
disutilities as a probabilistic distribution rather than as a deterministic value. In the simulation
environment of the Passenger Origin Destination Simulator (PODS), which is the simulation
environment used for this thesis that will be introduced in section 4.1, the disutilities of different
passenger types are modeled as Gaussian distributions with means and coefficients of variance.
First, the mean of the distribution of disutilities for one passenger type traveling in each OD pair
is calculated by adding a fixed intercept on the base fare of the OD market multiplied by a
coefficient. By doing so, the disutilities of not having the ancillary vary with the fares of the OD
market, which also to vary with the distances between the origin and destination. Then, the
standard deviation of the Gaussian distribution is calculated by multiplying the mean of the
43

distribution with a coefficient of variance specified by the user. This Gaussian distribution helps
to recreate the highly stochastic nature of passengers' valuation of an ancillary service.
As mentioned above, different passengers with different trip purposes could have different
disutilities towards the same ancillary service. Therefore, the concepts of undifferentiated and
differentiated ancillary disutility could both be reasonable: an undifferentiated ancillary service is
valued equally by different passenger types, while a differentiated ancillary is valued differently
by different passenger types. To be more specific, if there is no difference between the valuations
of the two passenger types, then the ancillary is an undifferentiated ancillary-for instance, this
would be the case if both business and leisure passengers value an ancillary service at $50 on
average. If the two passenger types value the ancillary service differently, then the service is a
differentiated ancillary-if, say, a business passenger values the ancillary at $75 on average but
leisure passengers value it at $25 on average. The word differentiated is not only implying a course
of action for an airline to segment passengers; instead, it could also represent a potential natural
deviation of the valuations of the ancillary service by the two passenger types.
Differentiated ancillaries can be further categorized into two, or potentially more, different
sub-types: business passenger-oriented ancillaries are valued more by business passengers than
leisure passengers, while leisure passenger-oriented ancillaries are valued more by leisure
passengers than business passengers. For example, as mentioned before, inflight Wi-Fi is an
example of a business passenger-oriented ancillary service. Business passengers might be required
by their schedule to catch up with emails or documents during a flight, which requires a reliable
internet connection. Leisure passengers, however, might be more comfortable enjoying movies
onboard rather than being bothered by work. As a result, an inflight Wi-Fi service might be valued
more by business passengers and less by leisure passengers. These types of ancillary services are
then called a business passenger-oriented ancillary service. Those ancillary services that seem
more attractive to leisure passengers, like checked bag services for leisure passengers who tend to
stay for longer and need more luggage space for clothes and cameras, are called leisure passengeroriented ancillary services. Figure 3.1.1 illustrates the assumed types of differentiated ancillary
services.
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Figure 3.1.1. Illustration of Business Passenger- and Leisure Passenger Oriented Ancillary

In summary, the three different types of ancillary services with or without the same
disutilities for different passenger types are tabulated in Table 3.1.1, and will be tested in the
following chapters of this thesis.
Table 3.1.1. Summary Table of Undifferentiated and Differentiated Ancillary Service
Business Passenger Leisure Passenger
Valuations
Valuations
Undifferentiated Ancillary Service
Same
Same
Differentiated Ancillary Service
Different
Different
Business Passenger Oriented Ancillary

High

Low

Leisure Passenger Oriented Ancillary

Low

High

3.1.2. Pricing
As opposed to the disutility of not receiving an ancillary service, an airline can arbitrarily
change the prices of ancillary services. The commodity-dominated and competitive nature of the
industry has encouraged a competitive pricing strategy rather than a cost-based one. For example,
after JetBlue announced an increase to their baggage fee for the first domestic checked bag from
$25 to $30 on Aug

2 7 st

2018, Air Canada, WestJet, United, Delta, and American quickly followed
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and matched the increased price in just a few days, if not hours (The Canadian Press, 2018; Wichter,
2018).
Constrained by the current distribution channel capabilities, most airlines charge all
passengers the same regardless of passenger type, except for those passengers eligible for fee
waivers like those with elite status. In the future, however, the segmented pricing option could be
an option for the airline industry with the New Distribution Capability (NDC), and especially the
personalized offers enabled by the NDC. Personalized offers enable airlines to tailor the price of
an ancillary for a passenger according to the passenger's observed states of nature, such as the day
of the week of their trips, the time to departure when a ticket request occurs, if the passenger is
staying over the weekend, and more. With segmented pricing capability, an airline can segment
ancillary pricing according to passenger type and thus offer the same ancillary service for different
prices according to passenger type. Therefore, multiple strategies of unsegmented and segmented
pricing schemes on airline ancillary services are discussed in the following chapter of this thesis.
Table 3.1.2 summarizes the four possible combinations of undifferentiated and
differentiated ancillary disutilities, and unsegmented and segmented ancillary pricing.
Table 3.1.2. Four Possible Combinations of Ancillary Differentiation and Segmentation
Pricing for Two Passenger Types
Different
Same

Valuations by two
Passenger types

Same
fe

Undifferentiated and
unsegmented

Undifferentiated and
segmented

Differentiated and

Differentiated and

segmented

Dfe ------unsegmented

The undifferentiated and unsegmented ancillary services, which will be discussed in
section 4.2, reflect the current situations of the airline industry. Many airlines are not able to
provide different ancillary services by passenger type to introduce differentiation, and also do not
have the technological capability to apply ancillary segmented pricing according to a passenger's
determined type. Some airlines might be technologically advanced enough to offer ancillary
services for different prices according to their determination of passenger type through their own
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distribution channels, like official websites. This falls into the category of undifferentiated and
segmented ancillary services, which will be discussed in section 4.3.
Also discussed in section 4.3 are differentiated and unsegmented ancillary services. When
an airline is able to provide different ancillary services to passengers of different types, but charges
all passengers the same, this chapter of the thesis might inform the airline on the possible outcomes.
Lastly, when an airline can provide services differently to passengers of different types, or different
types of passengers naturally have different valuations of an ancillary service, and when the airline
is capable of charging differently, the ancillary service is categorized as a differentiated and
segmented ancillary service. Enabled by the personalized offers brought by the NDC and the
technological advances in determining passengers' trip purposes, this scenario, which will be
discussed in section 4.4, might become prevalent in the future.

3.2.

Passenger Purchase Behavior Modeling
Understanding passengers' ancillary purchasing behavior requires background knowledge

on passengers' decision-making processes regarding air tickets, and more importantly on the
ancillary services. In this section, passenger purchasing behaviors and decision-making processes
are discussed and explained.
Since a passenger's decision on an ancillary can potentially influence their ticket
purchasing decision, section 3.2.1. is focused on whether a passenger would purchase an ancillary
service given a determined itinerary/fare class combination. Section 3.2.2. then explains how
passengers would choose from different ancillary and itinerary/fare class combinations. The
assumptions and models of ancillary purchasing behavior are adapted and simplified from
Bockelie's doctoral dissertation (Bockelie, 2019), which discusses ancillary-aware revenue
management in much greater depth.
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3.2.1. Passenger Ancillary Purchasing Behaviors
* Factors influencing a passenger's ancillary purchasing decision
Generally speaking, both of two requirements have to be met for a passenger to purchase
an ancillary: "I want it", and "I can afford it".
"Iwant it."
The requirement "I want it" motivates a passenger's desire for an ancillary service.
Quantitatively speaking, a passenger's disutility of not receiving the ancillary service must exceed
the price of the ancillary, or the passenger's valuation of the improvements to his or her travel
experience with the ancillary must exceed the price, for the passenger to desire an ancillary service.
If the ancillary service provides less value than the price of ancillary, the passenger would not
desire such an ancillary service. In the context of the simulation environment, which assumes a
Gaussian distribution of passengers' disutilities, the expected percentage of the purchase is the
probability of a random disutility drawn to be greater than the ancillary price. When the mean of
the ancillary distribution equals the ancillary price, for example, the expected ancillary purchase
rate is 50%, represented by the area marked in green in Figure 3.2.1; when the price is increased
to the mean disutility plus one standard deviation, the expected purchase rate declines to 16% as
per the property of a Gaussian distribution, as illustrated in Figure 3.2.2.

50%

50%

Price =

Disutility

Figure3.2.1. Sample Disutility Distribution with Price Equals Mean Disutility
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8 %

Price =

16%

MDisutility + U

Figure 3.2.2. Sample Disutility Distribution with Price Equals Mean Disutility Plus One Sigma

"I can afford it."
Apart from the requirement that a passenger needs to desire the ancillary, a passenger must
also be able to afford the ancillary. Specifically, a passenger's budget needs to be greater than the
ticket price plus the ancillary, given the premise that the passenger's budget is greater than the
ticket fare so that he can at least purchase an air ticket. In the simulation environment used for this
thesis, an ancillary can only be purchased by a ticketed passenger, as a passenger would not
purchase an ancillary without flying. However, as will be discussed shortly, in some cases a
passenger with simultaneous behavior can choose to purchase a cheaper fare class to "make room"
for an ancillary.
Passenger behavior when considering an ancillary service in conjunction with a ticket
Different passengers might have different behaviors, especially when constrained by their
budgets and/or when facing a complex choice set. These different behaviors might lead to different
preferred ancillary strategies and revenue results. Early in consumer behavior studies, Simon (1955)
initiated a model called "bounded rationality" that pointed out human beings' limitations in their
knowledge and capability in making decisions among complex choice sets. Gabaix and Laibson
(2006) extended this model of limitation into the purchasing behavior of add-ons. In their papers
they proposed two distinct consumer groups: the "sophisticates," who are rational individuals on
which the classical economic models could be applied; and the "myopes," whose cogitations are
bounded and do not consider add-on services until the purchasing decisions on the base product
have been made (Gabaix & Laibson, 2006). These two distinct groups are also respectively
described as "knowledgeable" and "boundedly rational" by Shulman and Geng (2013). To be
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consistent with the work performed by Bockelie (2019), in the scope of this thesis, those who are
well-informed and rational are called passengers with simultaneous behavior, and make air ticket
purchase decisions with all ancillary service possibilities in mind. Those who have bounded
cognition on the ancillary services are called passengers with sequential behavior, as suggested by
Bockelie (2019), and they do not consider the possibility of the available ancillary options when
making decisions on air tickets. Bockelie and Belobaba (2017) provide a comprehensive
qualitative description and qualitative analysis of the impacts of the two different behaviors on
airline revenue. The following paragraphs of this thesis describe simultaneous and sequential
passenger behaviors in detail.
Simultaneous
In brief, simultaneous passengers are well-informed and rational passengers who have a
single out-of-pocket budget for both the air ticket and the ancillary. This passenger type is
thoroughly explained by Bockelie (2019). Simultaneous passengers consider their path/fare
class/ancillary options together, including whether or not to purchase an ancillary for a particular
path and fare class combination. As a result, the sum of the ticket price and ancillary price, or the
total out-of-pocket cost to a passenger, cannot exceed his or her budget. The passenger can,
however, choose a higher or lower fare class to "make room" for an ancillary if the ancillary
disutility is greater than the difference of the disutilities between fare classes. This decisionmaking process is elaborated in chapter 3.2.2. To summarize, for a simultaneous passenger to
purchase an ancillary, both the "I want it" and "I can afford it" requirements must be satisfied
within a single budget.
Sequential
Sequential passengers, as modeled by Bockelie (2019), are poorly informed or non-rational
passengers. Those passengers make their path/fare class decisions first without any consideration
of ancillary products. After they have purchased air tickets, they purchase an ancillary if their
disutilities exceed the prices of the ancillary regardless of the ancillary's price tag. As a result,
their budgets constrain the ticket prices, yet their budgets for the ancillary are considered unlimited.
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Despite the existence of these models to describe the two possible passenger ancillary
purchasing behaviors, it is still challenging for airlines to evaluate how many of their passengers
behave like the two models. It could be argued that some of the LCCs assume that many, if not the
majority, of their passengers are sequential at their early stages of development: these passengers
are not aware of the paid ancillary services until departure, and the most of them would have to
pay whatever they were required to as long as the discomfort of not receiving an ancillary service
is higher than its price. To explain, for many of these passengers, the disutilities of an ancillary
service, for example the checked bag service, is usually higher for the passenger at check-in when
they have already packed and brought their checked bag to the airport and it is difficult to re-plan
and send the bag back home.
However, with the development of LCCs and ULCCs, the concept of the LCC is
increasingly understood by passengers. A general traveler might be much more knowledgeable on
ancillary services than before the expansion of these LCCs. Airlines should carefully evaluate their
passenger behaviors according to their business models and observations and determine estimates
based on the mix of the two passenger behaviors, rather than assume one of the behavior models.
To facilitate understanding, several examples are provided based on two passengers'
decision processes given that their ancillary disutilities are greater than the price, so that they
would purchase the ancillary as long as their budgets allow. The two passengers have two
purchasing behaviors: passenger 1 has simultaneous purchasing behaviors and a combined budget
of $300 for ticket and ancillary; the second passenger has sequential behavior with a $250 budget
on the ticket and an unlimited budget on the ancillary. The summary of the behaviors and their
budgets are tabulated in Table 3.2.1.
Table 3.2.1. Budgets of Three Sample Passengers with Different Purchasing Behavior
Budget
Ticket

Passenger 2
(Sequential)

Passenger 1
(Simultaneous)

$250
$300

Unlimited
Ancillary
With the stated behaviors and budgets, five different example ticket and ancillary fare
combinations are provided.
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Passenger 1 would buy both the ticket and the ancillary with the first and third
combinations, since the sums of the prices are under his budget. He would buy the ticket only or
seek another path/fare class option with the second and fourth combinations, since the sums of the
prices exceed his budget, yet the ticket-only fares are smaller than his budget. The passenger would
not purchase a ticket nor an ancillary for combination five, as the ticket fare itself is greater than
his budget.
Meanwhile, Passenger 2 would purchase the ancillary as long as she purchases a flight
ticket, since she has an unlimited budget for the ancillary and desires it. However, she would only
fly in combinations 1 or 2 because of her budget constraint on tickets.
Table 3.2.2. Purchase Decisions Made by the Three Sample Passengers
Passenger 2
(Sequential)

Passenger 1
(Simultaneous)
Ticket?
Fare: $200
Ancillary: $25

Fare: $200
Ancillary: $150

Ancillary?

Yes, since the ticket fare plus ancillary
price is less than his total budget:
$200+$25(ANC Price)<$300
He would only purchase the ticket or
look for another fare class, since the
ticket price is smaller than the budget
but there is not enough remaining
budget for the ancillary service

Ticket?
$200<$250
Yes

$200<$250
Yes

Ancillary?
Yes, since the
ancillary
disutility is
assumed to be
higher than the
price

$200<$300<$200+$150

Fare: $255
Ancillary: $25

Yes, since his budget is greater than the
sum of the ticket fare and ancillary
price

$255>$250
No

$255+$25<$300

Fare: $280
Ancillary: $25

He would only purchase the ticket or
look for another fare classes, since the
ticket price is smaller than the budget
but not enough budget remains for the
ancillary service

No, since the

$280>$250
No

$280<$300<$280+$25

Fare: $310
Ancillary: $25

No, since the ticket fare is greater than
the budget

____________$310>$250
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$310>$250
No
N

ticket fares are
greater than his
budget, the
passenger choose
no-go

3.2.2. Passenger Decision-Making Processes
To discuss the passenger decision-making processes, two terms need to be introduced. The
first term is the Out-of-Pocket Cost (OPC), which is the sum of the ticket price and any ancillary
price that a passenger purchases. This cost is the total monetary cost that a passenger needs to pay
to an airline and is constrained by the passenger's budget. The second term is the Generalized Cost
(GC). This is the sum of the OPC and other disutility costs that include schedule, quality, fare class
restriction, and unpurchased ancillary disutilities. The GC represents the total monetary and virtual
costs to a passenger and is not constrained by a passenger's budget.
When making a path/fare class/ancillary decision and under the assumptions of PODS, a
passenger would first evaluate the prices versus his or her budget according to the passenger
behaviors discussed in the previous section. Then, from all of the possible budget-feasible
combinations, a passenger would choose the option that minimizes his or her GC.
Three examples are provided to facilitate the understanding of the passenger's choice
processes. The choice processes of three different passengers are rationalized below and in Table
3.2.3:
*

A business passenger who has a higher budget and higher fare class restriction disutilities,
but low ancillary disutility

* A business passenger who has a higher budget and higher fare class restriction disutilities,
but high ancillary disutility
*

A leisure passenger who has a lower budget and lower fare class restriction disutilities, but
high ancillary disutility
Table 3.2.3. Summary of the Characteristics of the Three Hypothetical Passengers
Bu
Behavior
Passenger Tye Ancillary Disutility
1
Business
$60
$600
2
Business
$40
Simultaneous $600
$250
$60
3
Leisure
The example is given with a hypothetical restricted fare structure with three fare classes as

shown in Table 3.2.4. The ancillary always costs $50.

Table 3.2.4. A Sample Hypothetical Fare Structure

Fare Restriction 1
Fare Class 1 $500
No
Fare Class 2 $350
Yes
Fare Class 3 $150
Yes

No
No
Yes

$50

The following examples reflect a passenger's selection under the assumptions of PODS.
Example 1: A business traveler with relatively higher ancillarVdisutility
Table 3.2.5. Disutilities of a Business Passenger with High Ancillary Disutility
Disutility of the Passenger

FC Restriction 1

FC Restriction 2 Total FC Disutility Ancillary Disutility

Fare Class 1

No

No

$0

Fare Class 2

Yes ($200)

No

$200

Fare Class 3

Yes ($250)

Yes ($250)

$450

$60

Business passengers would like freedoms such as flexibility, and therefore dislike
restrictions and have higher disutilities on fare class restrictions. Therefore, as shown in Table
3.2.5, this business passenger has relatively higher fare class restriction disutilities than the leisure
passenger to be presented in Example 3. The passenger's OPC is the sum of the ticket fare of the
corresponding fare class and the price of the ancillary, if applicable. The passenger's GC is the sum
of the OPC, fare class restriction disutility, and ancillary disutility, if applicable. Since the
difference between the passenger's fare class restriction disutility is greater than the fare
differences, his or her GC for lower fare classes is higher than for higher fare classes. As a result,
the passenger prefers to book on higher fare classes. Since the disutility of the passenger towards
the ancillary is greater than the ancillary price, he or she prefers the option with the ancillary in
each respective fare class, as shown in Table 3.2.6.
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Table 3.2.6. The OPC, GC, and Decision Made by the Passenger

FC 1 with ancillary
FC 1 without ancillary
FC 2 with ancillary
FC 2 without ancillary
FC 3 with ancillary
FC 3 without ancillary

Out of Pocket Cost
(Budget constraint)
$500+$50=$550
$500
$350+$50=$400
$350
$150+$50=$200
$150

Generalized Cost
(To be minimized)
$550+$0+$0=$550
$500+$0+$60=$560
$400+$200+$0=$600
$350+$200+$60=$610
$200+$450+$0=$650
$150+$450+$60=$660

Decision
($600 total budget)
1 " Choice
2 "d Choice
3 rd Choice
4 th Choice
5 th Choice
6 th Choice

Example 2: A business traveler with relatively lower ancillarydisutilit.
Table 3.2.7. Disutilities of a Business Passenger with Low Ancillary Disutility

Disutility of the Passenger
FC Restriction 1 FC Restriction 2 Total FC Disutility
FCl
No
No
$0
FC 2
Yes ($200)
No
$200
FC 3
Yes ($200)
Yes ($450)
$450

Ancillary Disutility
$40

Now, with the same passenger but with a lower ancillary disutility, the passenger now
prefers the options without the ancillary due to their lower GC, as shown in Table 3.2.8.
Table 3.2.8. The OPC, GC, and Decision Made by the Passenger

FC 1 with ancillary

FC 1 without ancillary
FC 2 with ancillary
FC 2 without ancillary
FC 3 with ancillary
FC 3 without ancillary

Out of Pocket Cost

Generalized Cost

$500+$50=$550
$500
$350+$50=$400
$350
$150+$50=$200
$150

$550+$o+$o=$550
$500+$0+$40=$540
$400+$200+$0=$600
$350+$200+$40=$590
$200+$450+$0=$650
$150+$450+$40=$640
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$600 tol budget)
Choice
1st Choice
4 th Choice
3 rd Choice
6 th Choice
5 th Choice
2 nd

Example 3: A leisure travelerwith relatively higher ancillarydisutilit.
Table 3.2.9. Disutilities of A Business Passenger with Higher Ancillary Disutility
The disutility of This Passenger

FC Restriction 1

FC Restriction 2

Total FC Disutility

Fare Class 1

No

No

$0

Fare Class 2

Yes ($100)

No

$100

Fare Class 3

Yes ($100)

Yes ($150)

$250

Ancillary Disutility

$60

Now, with a leisure passenger who has a lower budget and lowers fare class restriction
disutilities, higher fare classes are no longer preferred and some are even not feasible. In our
example, the passenger could only book into fare class 3 due to budget constraints; yet he or she
would prefer lower fare classes anyway due to the low fare class disutility costs. Since he or she
has a high valuation of the ancillary, he or she prefers the option with the ancillary as shown in

Table 3.2.10.
Table 3.2.10. OPC, GC, and Decision Made by This Passenger
Decision

Out of Pocket Cost

Generalized Cost

FC 1 with ancillary

$500+$50=$550

$550+$0+$0=$550

No-go

FC 1 without ancillary
FC 2 with ancillary

$500
$350+$50=$400

$500+$0+$60=$560
$400+$100+$0=$500

No-go
No-go

FC 2 without ancillary
FC 3 with ancillary
FC 3 without ancillary

$350
$150+$50=$200

$350+$100+$60=$510
$200+$250+$0=$450
$150+$250+$60=$460

No-go
1st Choice

$150

($250 total budget)

2nd

Choice

The three examples above show passengers' decision-making processes involving tickets
and different fare classes. However, they do not show scenarios in which passengers prefer
different fare classes with the presence of an ancillary. Now, with a more complicated fare
structure, the situation arises where passengers' fare class choices are affected by ancillaries.
Assuming that a simultaneous passenger seeking an air ticket has a combined budget of $190,
Table 3.2.11 shows the part of a fare structure that he can afford. Without an ancillary, the
passenger's OPC is $180 and $165 respectively. Due to the existence of fare class restrictions and
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the associated disutility, the passenger's GCs are $580 and $595 for FC9 and FC10. As a result,
the passenger prefers FC9 to FC 10.
Table 3.2.11. Part of a Sample Fare Structure and A Passengers' Preference without an Ancillary
Options OPC FC Disutility
FC9
FC1O

$180
$165

$400
$420

GC

Preference

$580
$585

1sA
2 nd

Now assume that a new ancillary service is provided with a price of $20, and the passenger
values the service highly at $50. Table 3.2.12 shows the passenger's updated OPC, GC and
preference for this ancillary service. From this table, it can be observed that this passenger now
prefers to buy down a fare class in order to enjoy this new ancillary service. Similarly, changing
the ancillary price and disutility distribution could have similar effects.
Table 3.2.12. The Passenger's New Preference with an Ancillary
Options

OPC

FC Disutility

Ancillary Disutility

GC

Preference

FC9 without ancillary
FC9 with ancillary
FC10 without ancillary
FC10 with ancillary

$180

$400

$50

$630

3 rd

$180+$20
$165
$165+$20

$400
$410
$410

-$50
--

$600
$625
$595

No-go

3.3.

2 nd
1 st

Summary
This chapter has introduced possible factors that influence passenger ancillary purchasing

behaviors, and presented numerical examples of how these factors would affect a passenger's
ancillary purchasing decision. In this chapter it is established that a passenger's valuation could
differ according to their trip purpose, and an airline can influence these valuations by passenger
type. Ancillary services that are valued differently according to passenger type are called ancillary
services with differentiated disutilities. It is also discussed that passengers may be charged
differently according to their passenger type, similar to the price segmentation currently applied
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to ticket fares. Ancillary services that are charged differently according to passenger type are called
ancillary services with segmented pricing.
Two different passenger ancillary purchase behaviors are introduced in this chapter. A
sequential passenger is only informed about the ancillary services after the passenger has made
itinerary/fare class decisions. As a result, the ancillary service in theory would not change the
passenger's decisions on the ticket fare. In contrast, a simultaneous passenger is assumed to be
fully informed and rational on his or her ancillary service options, and it is shown in the numerical
examples in this chapter that the introduction of or changes to ancillary services can alter this
simultaneous passenger's itinerary/fare class decisions.
In the following chapter, experiments are conducted based on these assumptions on
passenger behaviors and ancillary purchase models.
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Chapter 4

Simulation Experiment Results
Now that the background and assumptions involving airline ancillary purchases have been
presented, tests can be conducted on ancillary revenues and their impacts on airline RM system
performance. In this chapter, the simulation environment for the tests is first introduced in order
to explain the working mechanisms of the simulations and the additional assumptions made in the
experiments. Second, the undifferentiated and unsegmented ancillary offering is discussed in
section 4.2. This includes simple tests made on the revenue impacts of the different structures
through which an undifferentiated and unsegmented ancillary can be offered, and includes
thorough sensitivity tests on ancillary pricing and quality. In sections 4.3. and 4.4. sensitivity tests
on differentiated and segmented ancillary strategies are conducted in more complicated
environments, including asymmetrical use of segmented pricing and the effects of using different
RM models. The results are then tabulated and explained.

4.1.

Passenger Origin Destination Simulator (PODS)
The Passenger Origin Destination Simulator (PODS) is a sophisticated simulation

environment that replicates interactions between passenger choice and airline revenue
management. It was originally developed by Boeing to aid understanding of passenger preferences
on flight itinerary demands and choices in competitive environments. PODS has been built as a
platform on which different revenue management models and algorithms can be tested in
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competitive environments to resemble real-world demand and supply. Detailed reporting of the
results also enables scholars to scrutinize the impacts of actions related to airline revenue
management.

4.1.1. Working Mechanisms
Essentially, PODS simulates revenue management results in competitive markets that are
shared by several airlines. Each airline has its own revenue management system with its own
settings which determine the availability of each fare class on each Origin-Destination (OD) path,
or itinerary, independently. However, all airlines in one simulation compete for a single total
demand per departure date.
To simulate the variabilities in travel demand that exist in real-world scenarios, PODS
simulates hundreds of departures days in every experiment. To be exact, one experiment contains
several trials (all of the experiments in this thesis have two trials per experiment) and one trial
contains several hundred (400 in this thesis) independent samples. These samples represent
successive departure days with the same demand patterns but with different actual demand (for
example, successive Fridays). Each sample replicates the booking process for one departure date.
In PODS simulations the booking process extends from 63 days before departure until the day of
flight. The entire booking horizon is divided into 16 time frames (TF) or data collection points
(DCP) at which revenue management system re-evaluates current bookings and demand forecasts,
and re-optimizes the availability decisions. The DCP intervals are longer at the beginning of the
process, at seven days, and are gradually reduced to one day nearer departure.
Of the 600 samples used in each trial, the first 200 are intended to build up airlines'
historical booking database as the airlines receive neither previous booking information nor actual
demand information. Those 200 samples are "burned" or disregarded for the performance
evaluations: only the following 400 samples are included. The two trials are run sequentially and
independently, and their results are averaged. As a result, for every test performed in this thesis
the aggregate level results (load factors, revenues and yields) are the average of 800 different
simulated departure days.
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4.1.2. Passenger Generation and Passenger Choice Model
For each OD and each sample, or simulated departure date, PODS generates travel demand,
presents available choices for each passenger, and makes purchase decisions for each of the
simulated passengers based on passengers' behavioral assumptions. In each PODS sample,
different numbers of passengers are generated for each OD pair according to a Gaussian
distribution with a mean at the base demand and a variance determined by three scaling factors.
The three scaling factors, namely the system, market and passenger type factors, are specified by
the user to re-create the demand variation observed by the aviation industry. These scaling factors
help to introduce variabilities but conserve some dependence within a scope: for example, during
holidays all OD markets should observe high demands. Each of the generated passengers has their
own trip purpose, preference and desired travel window.
Furthermore, PODS currently supports two passenger types that are categorized by their
trip purposes: business or leisure. Business passengers have a higher average WTP, have higher
fare class disutilities, and arrive closer to departure; leisure passengers are less time-sensitive, have
lower fare class disutilities and budgets, and many arrive earlier in the booking process. After the
total numbers of business and leisure passengers in each OD market are determined, the arrivals
of these passengers are distributed according to the booking curves shown in Figure 4.1.1.
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Figure 4.1.1. Arrival Flows of Business and Leisure Passengers Assumed by PODS for Passenger
Generation
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The mean WTP of the two passenger types is specified by two scaling factors that can
increase or decrease passenger WTP. The scaling factors are constant across the booking process,
yet since the business/leisure passenger arrival mix changes significantly during the process and
the late-arriving business passengers have higher WTP, the mean overall WTP increases towards
departure.
With one or multiple WTPs, or budgets, drawn, a passenger selects the flight option that
maximizes his or her personal utility as explained in Chapter 3.2.2. In a typical restricted PODS
fare structure, multiple fare class restrictions are associated with lower fare classes. For each
passenger, his or her disutilities on these fare class restrictions are randomly drawn from different
Gaussian distributions with means and variance specified. The means and variances of these
Gaussian distributions are specified as scalars relative to the base fares in each market, so that
passengers traveling longer distances have larger mean disutilities and those traveling shorter
distances have smaller mean disutilities. The scalars for business passengers are higher than those
for leisure passengers, making business passengers more sensitive to restrictions and assigning
them a much higher probability of purchasing higher fare classes with fewer restrictions. The fare
class restriction disutilities are independent, such that a passenger might value one restriction more
than others, even though the mean of the distribution is smaller than those of other restrictions.
After passenger demand for each OD market and departure date is generated according to
the mechanism described above, all of the feasible and affordable choice sets-excluding those
eliminated by budget and time constraints, but including different airlines with different fare
classes and ancillary options-are "presented" to the passenger to choose. The passenger then
selects the option that minimizes their generalized costs as described in Chapter 3.2.2. If there is
no feasible option for a passenger they will choose to no-go, and this particular demand is not regenerated in the following samples, or in future departure days.

4.1.3. Revenue Management System
The PODS revenue management systems closely resemble those used by airlines in the
real world. They have two major components: a forecaster that uses historical data to forecast
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demand, and an optimizer to set fare class availability to maximize the expected revenue given the
forecasted demand. All of the forecasting and optimization methods mentioned in Chapter 2.3.2.
are available for use in PODS. Additional functionalities and algorithms also exist in PODS but
are only introduced if used in this thesis.
The revenue management system of each airline in PODS sets fare class availabilities and
incorporates availability information into the choice sets that are sent to the passengers to choose.
It also gathers current booking information for re-optimization processes and the historical
booking database.

4.1.4. Network U10
Tests in this thesis are mostly performed in a flight network named PODS Network U10;
Figure 4.1.2 illustrates the flight networks of the four airlines included in network U 10.

NDDF

0F :t

SFO

Airline 1 MSP Network

Airline 2 ORD Network
SNA

sKA

VFW

SAN

SAN

DFW

BUEE

3 MCI Domestic Network

Airline 4 DFW Network

Figure4.1.2. Flight Networks of PODS Network U 10 and Default Optimizers
63

Network U10 is an international network in which four hub-and-spoke airlines are
competing with each other. Each airline has its own hub as shown in Figure 4.1.2 and carries local
passengers to and from their hubs, in addition to connecting passengers from east-coast spoke
cities to west-coast spoke cities. In total, there are 572 OD markets in this network. It is worth
mentioning that airline 3 is smaller in size compared to the other airlines, and receives fewer unit
revenues to simulate the presence of a Low-Cost-Carrier (LCC). Airline 3 serves no international
destinations, unlike its three competitors.
In this network there are three differentfare products for three different types of markets:
domestic restricted markets, domestic less restricted markets (with fewer fare class restrictions to
simulate the effect of LCC competition), and international restricted markets. All four airlines in
the network use the same fare structures and fares, and can only provide a different fare to the
other airlines when the availabilities of the fare classes are different. Table 4.1.1 summarizes the
different fare class restrictions of the product in network U10, in which AP denotes Advance
Purchase, or the minimum days to departure at which a fare class is available to book; MIN3
denotes the minimum three day stay restrictions in an effort to separate business passengers staying
for short periods from leisure passengers who typically stay for longer; CXL denotes cancellations,
and determines whether a passenger can cancel their ticket for free, which hinders business
passengers from buying this fare since they frequently change schedules; SAT denotes a Saturday
stay restriction in an effort to distinguish business passengers, who dislike having to stay away
during the weekends. These restrictions, however, are only quantifications of different passenger
disutilities. The names and meanings could be changed with no impact on the simulation results.
Table 4.1.1. Summary of Network U 10 Fare Products and Fare Class Restrictions
Domestic Less Restricted International Restricted
Domestic Restricted
FC AP MIN3 CXL SAT AP MIN3 CXL SAT AP MIN3 CXL SAT
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Table 4.1.2 tabulates the unweighted average, minimum and maximum fare information,
and average disutilities across all 572 OD markets. The average fare and mean disutilities are
calculated by taking the simple average fare and disutilities of all OD markets. However, the
average paid fare and average disutilities experienced by the generated passengers could differ
from the number listed below due to imbalances in the numbers of passengers traveling in different
OD markets that have different distances and fares. It can be seen from this table that the mean
business passenger disutility for each of the fare classes is greater than that of the leisure
passengers. Moreover, the additional mean business passenger disutility in lower fare classes is
higher than the change in fares, pushing business passengers to buy higher fare classes, as
explained in Chapter 2.
Table 4.1.2. Average, Minimum, Maximum Fare and Mean Disutilities in Network U10 by Fare Class

Unweighted
Average Fare
FC1
FC2
FC3
FC4
F.C5
FC6
FC7
FC8
FC9
FC 10

4.2.

$905
$632
$563
$494
$50
$406
$372
$338
$309
$280

Maximum
Fare

Minimum
Fare
$255
$153
$139
$124
$115
$96
$89
$79
$72.
$64

$3,037
$2,360
2~~~

$2,015
$1,670
$1,463
$1,361
$1,241
$1,180

$1,075
$979

Mean Business
Passenger
Disutility
$0
$158
$211

$247
$338
$406
$419
$423
$425
$420

__

Mean Leisure
Passenger

Disutility
$0

$95
$113
$124
$135
$183
$186
$186

$201
$196

.J1

Sensitivity Tests on Undifferentiated and Unsegmented Ancillaries
Currently, real-world airlines are not able to perfectly identify a passenger's trip purpose

nor apply price segmentation accordingly under the present distribution capabilities of the air
ticket. In the case where there is insufficient evidence to support that an ancillary service appeals
differently to different types of passengers with a different value, this section about
undifferentiated and unsegmented ancillaries applies. In this thesis, the term undifferentiated
indicates no difference between the discomfort of not receiving an ancillary service for business
or leisure passengers, as explained in Chapter 3. The term unsegmented means that both passenger
types are charged the same for an ancillary service.
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With an undifferentiated disutility and unsegmented pricing ancillary, airlines have three
options in terms of the quality of service and prices offered: keep the quality of service the same
while changing the price (for both passenger types); keep the price the same (for both passenger
types) while changing the quality of service; or change the quality of service while keeping the
price in line with the quality. Figure 4.2.1 shows the three options schematically. The x-axis
indicates the disutility, or the discomfort of not having that ancillary, and the y-axis indicates the
price of the ancillary. Since undifferentiated and unsegmented ancillaries will be tested in this
section, the two boxes representing business and leisure passengers remain adjacent.
Figure 4.2.1(a) shows the scenario in which the price of the ancillary is changed while the
disutility is kept the same. This scenario simulates the effects of an airline charging different prices
for the same ancillary service offered at the same quality: for example, increasing or decreasing
checked bag fees without changing the bag weight limit or service commitments. Figure 4.2.1(b)
presents the scenario in which the quality of service is changed with the price kept constant. One
example of such a scenario would include free alcoholic drinks with the purchase of an extra
legroom seat while keeping the prices of the seat selection fee the same. Figure 4.2.1(c) illustrates
the scenario in which the price is changed in line with changes to the quality of service. Increasing
the checked bag fee but adding a 20-minute baggage arrival guarantee would be an example of
this scenario.
In this set of tests all four airlines offer the same ancillary product, which appeals equally
to both passenger types. That is to say, the mean disutility of not having the product, or the mean
of the valuations of the passengers, is $50. The coefficient of variation is 0.3, and the standard
deviation of the Gaussian distribution is $15.
The tests are conducted in network U10, as described in Chapter 4.1.4. All four airlines use
standard forecasting with historical pick-up and apply booking curve detruncation. Airlines 1, 2,
3, and 4 use DAVN, DAVN, EMSRb, and DAVN as their optimizers, respectively. To reduce
noise from other aspects of the revenue management models no passengers cancel, and therefore
no overbooking is permitted. Table 4.2.1 summarizes the RM methods used by the four airlines.
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Table 4.2.1. Summary of RM Methods Used by Airlines in this Thesis
AL
AL2
AL3 T AL4
Forecaster
Standard Forecasting with Historical Pick-Up
Detruncator
Booking Curve
Optimizer
DAVN
DAVN
EMSRb
DAVN
Cancellation/Overbooking
None
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Due to the differences in markets served and capacity, the baseline revenues for the four
airlines are different, as shown in Figure 4.2.2. Nevertheless, as only the changes in results of ALl
are analyzed unless specifically mentioned, those differences in baseline revenue across airlines
do not complicate the understanding of ALl performance changes. The baseline results of load
factors and yields are shown in Figure 4.2.3. In the baseline results, the disutility of not receiving
the ancillary service is set to $50 for each passenger type, and the price is set to $50 for each
passenger type.
$3.5
.9

$3.0

- $2.5
$2.0
$1.5
$1.0
$0.5
$0.0
Ancillary as % of Total
Ancillary
Ticket

ALl

AL2

AL3
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$3,020,938
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$2,360,850
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AL4
6.49%
$117,940
$1,699,947
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Figure 4.2.2. Baseline Ticket and Ancillary Revenues, and Ancillary Revenue Contributions to the Total
Revenues of the Four Airlines in PODS Network U10
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Figure4.2.3. Baseline Load Factors and Yields of the Four Airlines in PODS Network U10
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To paint a more detailed picture of the four airlines and the baseline ancillary purchases,
Figure 4.2.4 and Figure 4.2.5 show ancillary purchase rates of the four airlines and ALl 's ancillary
purchase rates by fare class. From the first graph it can be observed that although there is some
asymmetry in terms of traffic and revenues between the four airlines, the ancillary service purchase
rates are very similar. From the second graph it can be observed that the ancillary service purchase
rates are lower with lower fare classes, as those fare classes are preferred by the leisure passengers
with lower WTP; as a result, the ancillary service purchase rates of those passengers are also lower.
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With the baseline case introduced, the experiments-in which one or both of the pricing
and/or disutilities of the ancillary product are changed-are conducted and explained in the
following sections. Since this is a symmetrical environment, only the results for AL 1 are analyzed
in this section unless specifically mentioned otherwise. The information on the other four airlines
is intended to inform readers about the competitive environment of the baseline scenario.

4.2.1. Changing Prices with the Same Ancillary Service Offerings
First, the impacts of changing ancillary pricing while keeping the quality of service
constant are tested under two passenger behavior assumptions. With the means of the disutilities
of the ancillary kept at $50 and a standard deviation of the Gaussian distribution kept at $15, the
price of the ancillary is altered by $25 to $75 for all airlines. Since all airlines are subject to this
change to maintain a symmetrical environment, only ALI results are analyzed; the impacts on
other airlines are similar.

Simultaneous Passenger Behavior
A simultaneous passenger, as discussed in Chapter 3.2. , has a single budget for the base
fare and ancillary. The passenger is fully aware of all path/fare class and ancillary options before
making any decisions and will choose the option that minimizes the general cost, given that the
out of pocket cost is under their budget.
Figure 4.2.6 shows the ticket, ancillary and total revenues, and their respective changes
from the $50 fee baseline when the price is varied. From this graph, it can be observed that the
ticket revenue in each of the five cases is relatively stable: it changed slightly from -0.11% at an
ancillary price of $25 to +0.07% when the price was increased to $75. The ancillary revenue
witnessed greater impacts, ranging from +6.89% at $25 to -87.05% at $75. Since the ancillary
revenue only contributes to a small portion of the total revenue, the total revenue changed from
+0.29% to -4.93% in the two extreme cases.
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The symmetry of the changes across the four airlines dictates the small changes in ticket
revenues. Significant ticket changes occur when passengers prefer an airline and begin to be
diverted to other airlines. This experiment features a symmetric environment in which all airlines'
ancillary services appeal equally to passengers and all airlines charge the same ancillary price.
Accordingly, these changes in ancillary service prices mostly affect passengers' decision on
whether to buy the ancillary service, rather than incentivizing passengers to buy tickets from
another airline.

0 Ticket Revenue
3.3
+0.29%

2 3.2

0 Ancillary Revenue

+1.47%/
2 4

Base

6.89%

Bs

-2.94%
3.1

-51.96%

3
-0.11%

-0.06%

Bs

Disutility: $50
Price: $25

Disutility: $50
Price: $37.5

Disutility: $50
Price: $50

3

0-87.4
.4

-. 3
-4.93%
.7

2.9
Disutility: $50
Price: $62.5

Disutility: $50
Price: $75

Figure 4.2.6. Airline I Ticket, Ancillary, and Total Revenue Changes with Respect to the Base when
Ancillary Service Prices are Changed with Disutility Held Constant with Simultaneous Passengers

Multiple interesting observations can be drawn from this figure. First, there appears to be
an optimal ancillary price in terms of total revenue maximization that exists at a price slightly
below the "fair" price point, at which the price equals the mean of the passenger valuations. Second,
since passengers are assumed to be fully informed and rational, some can simply choose not to
purchase the ancillary yet to fly when the ancillary price increases. Third, the ancillary revenue of
ALI is damaged disproportionately when the ancillary price is increased: it suffered an 87.05%
ancillary revenue drop when the ancillary price was increased by 50%. This is due to the
compounded effects of the decreased number of passengers wanting this service and the
increasingly restrictive budget constraints of passengers.
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Figure 4.2.7 shows the ancillary purchase rates of business and leisure passengers for the
ancillary at different price points. First, it can be observed that the ancillary purchase rates decrease
with price, and leisure passengers' purchases rates are always smaller than those of the business
passengers, even though the two passenger types value the ancillary equally. This is due to the
lower average budgets of the leisure passengers. Second, this graph also shows that the ancillary
purchase rate is higher at $25 than at $37.5. Considering this together with Figure 4.2.6, in which
the ancillary revenue at $25 is smaller, it can be recognized that the decrease in the total ancillary
revenue is not the result of a reduced number of purchases, but instead is because the increase in
the number of ancillary purchases is not sufficient to counteract the decrease in ancillary price.
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Figure 4.2.7. Airline 1 Ancillary Purchase Rates by Passenger Type when Ancillary S ervice Prices are
Changed with Disutility Held Constant with Simultaneous Passengers

Figure 4.2.8 shows the load factors and yields of the tested cases. From the graphs it can
be concluded that the load factor and yield are not significantly impacted by the changes in
ancillary prices. Since all four airlines change the price of the ancillary at the same time, a
passenger would choose not to purchase the ancillary rather than switching to another airline when
the price is increased.
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Figure 4.2.8. Airline 1 Load Factor and Yield when Ancillary Service Prices are Changed with Disutility
Held Constant with Simultaneous Passengers

Sequential Passenger Behavior
A passenger exhibiting sequential behavior only has a budget constraint for the air ticket,
and the ancillary options do not interfere with this decision-making. This passenger will purchase
the ancillary as long as their disutility of the ancillary is higher than the price, regardless of the
pricing of the ancillary service.
Figure 4.2.9 shows the ticket, ancillary and total revenue of ALl. From the graph it can be
seen that the airline's ticket revenues, yields and load factors are not affected by its ancillary
pricing at all. This could be easily explained by the behavioral assumption of the passenger: they
are informed about their ancillary options only after they make their decisions on the ticket fare.
As a result, the pricing of the ancillary does not affect their decision on path, airline or fare class.
The trends of ancillary and total revenue for sequential passengers are similar to those of
simultaneous passengers. The revenue decreases when the price is increased; when the price is
decreased, the revenue first increases to its peak, until the decreases in price dominate the change.
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Figure 4.2.10 compares ticket revenue and ancillary revenue for the two passenger
behaviors. From this graph it can be seen that the ancillary revenue results of the sequential
passenger are always greater than the previous results on simultaneous passengers, due to the
absence of an ancillary budget of the sequential passengers.
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From Figure 4.2.11 it can be observed that the general trends of increasing ancillary price
on sequential passengers are the same as on simultaneous passengers, as passengers purchase the
ancillary less often when the price is increased. The purchase rates of sequential business and
leisure passengers, however, are effectively the same at each of the price points, since the leisure
passengers are not constrained by their budget when purchasing the ancillary under the sequential
behavior assumptions. The minor differences in the purchase rates are likely to be caused by the
stochastic nature of the PODS passenger generation process.
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Figure 4.2.11. Airline 1 Ancillary Purchase Rates of Sequential Passengers when Ancillary Service Prices
are Changed with Disutility Held Constant

To summarize this section, airlines could be benefited from carrying more sequential
passengers, as sequential passengers have unlimited budgets on ancillary services and raising
ancillary service price does not impact their decisions on their preferred airline or fare class.
However, as discussed in the previous chapter, the mix between sequential and simultaneous
passengers is not something that an airline can change voluntarily. Furthermore, the mix is slowly
shifting towards more simultaneous passengers. As a result, airlines should carefully estimate their
passenger mixes and make decisions accordingly.
All of the tests conducted in this section assume symmetric changes, as all airlines
implement the same changes at the same time. The tests suggest that changes in ancillary service
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pricing do not significantly influence ticket revenue, for the reasons explained previously. The
ancillary service revenue, however, can be impacted significantly by changes in price. For
simultaneous passengers there seems to be an optimal ancillary price point, slightly below the
average passenger disutility of not receiving the ancillary service. Pricing the service more highly
than the mean disutility leads to a decreased ancillary service purchase rate, and thereby decreased
revenue. Meanwhile, pricing the service lower the mean disutility leads to decreased revenue per
service, and again a reduction in total revenue. As a result, airlines should examine the expected
ancillary purchase rates-which should fall with the increase in price-at different price points,
and then try to maximize their ancillary or total revenues.

4.2.2. Changing Qualities of Ancillary Offerings with The Same Price
In this section, the impacts of changing the quality of the ancillary service while keeping
the price constant are investigated. Now, with the ancillary price held constant at $50 for both
passenger types, the means of the ancillary disutilities for all airlines are changed, ranging from
$25 to $75. The standard deviation of the Gaussian distribution changes with the mean according
to the coefficient of variance of 0.3, ranging from $7.5 to $21.5 respectively.
Simultaneous Passenger Behavior
Figure 4.2.12 shows the ticket, ancillary and total revenues of airline 1 with simultaneous
passengers. The changes in ticket revenues remain relatively insignificant in this symmetric
environment for the same reasoning as explained in section 4.2.1. , ranging from +0.05% when the
mean disutility is $25 to -0.01% when the mean disutility is $75. The ancillary revenue, however,
rises significantly with an increase in disutility. Compared with the previous case, as the disutility
of the ancillary is increased, the ancillary appears increasingly valuable to those passengers and
the number who purchase the ancillary increases. With the price held constant, we observe this
increase in ancillary revenue. The load factor and yields of the five cases effectively remain
constant.
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Figure 4.2.13 shows the ancillary purchase rates of ALl passengers with simultaneous
passengers. When the mean disutilities are increased, the ancillary purchase rates also increase.
Because business passengers have higher budgets, their purchase rates are higher than those of the
leisure passengers.
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Similar to the observations made from previous cases, the load factors and yields
effectively remain constant regardless of ancillary disutility changes.

Sequential Passenger Behavior
Figure 4.2.14 shows the ticket and ancillary revenues of sequential passengers in solid bars,
while shaded bars show the reproduced simultaneous passengers' results. The ticket revenue, load
factor and yields for sequential passengers with different mean disutilities remain the same. In all
of the tested cases, the revenues from sequential passengers are higher than those of the
simultaneous passengers, due to the lack of ancillary service budget. In fact, the differences in
those results represent the amount of revenue lost due to the presence of budgets.
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Figure 4.2.14. Airline 1 Ticket, Ancillary of Sequential and Changes from Simultaneous Passengers when
Ancillary Service Disutility is Changed with Price Held Constant

Figure 4.2.15 shows the ancillary purchase rates of the two passenger types. Similar to
observations made in the previous case, the purchase rates of the two passenger types are very
similar, and the purchase rates increase as the mean disutilities of the passengers' valuations
increase.
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In this section of tests, similar conclusions can be drawn to those in section 4.2.1. First,
sequential passengers are associated with higher revenues due to the absence of budgets;
nevertheless, airlines do not have control over the mix of passenger behavior. Increasing the
disutilities of not receiving an ancillary service, or the attractiveness of an ancillary service, always
increases ancillary revenues, as more passengers value the ancillary service more highly than the
costs to them, and thus choose to purchase the service. However, since the costs of providing the
ancillary service are not considered in this experiment, airlines should take the cost factors into
consideration and choose a price point that maximizes profit rather than revenue.

4.2.3. Changing Quality of Ancillary Offering but Keeping Price in Line
In this section, the disutilities of passengers towards the ancillary are again changed from
$1 to $300; the prices, however, are also changed from $1 to $300 in line with the disutilities. In
this set of tests, the range of price points is much broader to unveil the overall trend of revenues.
The lower bound is set to $1 due to precision problems of revenue reporting with even lower prices.
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Simultaneous Passenger Behavior
Figure 4.2.16 shows the ticket and ancillary revenues of airline 1 with simultaneous
passengers. First, the ticket revenue shows a similar trend as the case before. It is not significantly
impacted by ancillary options in a symmetrical environment where every airline has the same
ancillary offering and price. Even at an extreme ancillary price of $300, the ticket revenue only
fell 0.35% from the case in which the ancillary was offered for $1. This drop is caused by the
increased attractiveness of the ancillary service: as the ancillary service becomes more and more
attractive, simultaneous passengers can choose to buy down fare classes if the disutility of not
receiving the ancillary exceeds the differences of fare class restriction disutilities between the two
fare classes. Nevertheless, the changes in ticket revenues are small in this symmetric environment,
for the same reasons explained previously.
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Figure4.2.16. Airline I Ticket and Ancillary Revenues of Simultaneous Passengers when Ancillary
Service Disutility and Prices are Changed in Line with Each Other

The ancillary revenue that drives the changes in total revenue shows a more interesting
profile: it increases rapidly at the lower price range and seems to plateau with increasing price.
This is explained by the decreasing percentage of passengers who can afford the ancillary. With
the ancillary price set equal to the mean disutility, 50% of the passengers would like to purchase
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the ancillary. However, the ancillary purchase rate decreases with the price due to the budget
constraints of the simultaneous passengers. Therefore, ancillary revenue exhibits a constrained
increase curve.
Figure 4.2.17 shows the ancillary purchase rates of the two passenger types. It can be
observed that the purchase rates of both passenger types start at 50% when the price is $1. This
simulates the scenario when an ancillary is offered effectively for free but only adds marginal
value to a passenger's comfort. In these cases, the probability that a passenger would purchase it
is similar to flipping a coin, at 50%.
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Figure 4.2.17. Airline 1Ancillary Purchase Rates of the Two Passenger Types when Ancillary Service
Disutility and Prices are Changed in Line with Each Other

As the disutility and price of the ancillary increase, fewer passengers can afford the
ancillary. As a result, the purchase rates both drop, although at different rates. The purchase rates
of leisure passengers drop much faster than those of business passengers because of their lower
budgets. At an extreme ancillary price of $300, 7.95% of leisure passengers can still afford the
ancillary and prefer to have it, while 37.95% of business passengers purchase the ancillary.

81

Similar to previous observations, load factors and yields remain effectively constant even
at extreme ancillary prices in this symmetric environment, since the passengers are able to choose
to fly with no ancillary, and all of the airlines are charging the same price. As a result, no significant
changes occur to sales of tickets.

Sequential Passenger Behavior
Figure 4.2.18 shows the ticket and ancillary revenue of sequential passengers, and Figure
4.2.19 shows a comparison of the ticket and ancillary revenue between sequential and
simultaneous passengers. Similar to prior observations, ticket revenue is not impacted by ancillary
options if the passengers are sequential passengers. Unlike the case with simultaneous passengers,
the ancillary revenues of sequential passengers increase linearly with the price of an ancillary in
the absence of a budget limit.
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Load factors, yields and ancillary purchase rates, similar to previous observations, are not
significantly impacted by ancillary options. These observations are compliant with the
assumptions of passenger behavior.
In this section of the test, the disutility of not receiving the ancillary service and the price
of the ancillary service change at the same time. As usual, sequential passengers lead to more
revenues than simultaneous passengers due to the lack of ancillary budget; the differences in
revenue are increasingly higher with increased ancillary price and disutility. Simultaneous leisure
passengers, even when charged "fairly" for the ancillary service compared with its value, purchase
fewer ancillary services at higher prices due to their constrained budgets. Simultaneous business
passengers' ancillary purchase rates decrease less significantly than those of leisure passengers,
suggesting the possibility of charging the two passengers differently to maximize total revenue.
This possibility of segmented ancillary pricing will be discussed in section 4.3.
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4.2.4. Different Structures of an Ancillary Pricing Scheme
Ancillary services can be offered through different pricing structures. Unlike segmented
pricing, whereby an airline offers an ancillary to different passenger types at different prices, to be
discussed in section 4.3. and 4.4.

,

some ancillary pricing structures enable airlines to offer an

ancillary service for free to passengers meeting some criteria.
The simplest pricing structure is uniform, whereby all passengers are charged for the
ancillary service. Airlines with international routes provide ancillary services for free in
international markets, such as checked bags, which falls into the second case to be investigated:
internationalfree.The third case is called FC1-4 free, whereby the ancillary is offered for free for
passengers booking into the top four fare classes out of the 10 offered in network U10. The three
ancillary pricing structures are summarized in Table 4.2.2.
Table 4.2.2. Summary of the Three Ancillary Pricing Structures
Price
International
Domestic
FCl-4 FC5-10 FC1-4 FC5-10
Uniform
International Free
FC1-4 Free

$$
Free

$$
Free

$$

$$

$$
$$

Free

$$

Free

$$

Initially, the disutilities of the offered ancillary would be changed while the price of the
ancillary, if not offered for free, is kept at $50. The mean disutility of the ancillary is decreased
and increased by 25% from $50 to $37.5 and $62.5 respectively, as shown in Table 4.2.3. The
passenger behavior is set to be simultaneous for this set of tests.

Uniform
International Free
FC1-4 Free

Table 4.2.3. Summary of the Test Cases
Price
Disutility
International
Domestic
FCl-4 FC5-10 FC1-4 FC5-10
Base: $50
$50
$50
$50
$50
Experiment- 25%-----Base: $50

Free

Free

$50

$50

Base: $50
Free
.
Experiment: 25%:

$50

Free

$50

Experiment:

25%
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Uniform Ancillary Pricing Structure

Figure 4.2.20 shows the changes in the ticket, ancillary and total revenue from the $50 or
100% disutility base. From the graph, it can be observed that ticket revenues are not significantly
impacted by the changes in ancillary mean disutility; in fact, the changes in ancillary revenue
dominate the changes in total revenue. When the mean disutility of the ancillary decreases, or the
ancillary is valued less by passengers, fewer passengers purchase the ancillary, leading to a
decrease in ancillary revenue. Those passengers that have booked a ticket, however, contribute
slightly higher ticket revenues, which can be explained by the buy-ups shown in Figure 4.2.21.
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Figure 4.2.20. Airline 1 Ticket, Ancillary and Total Revenue from the Baseline with Simultaneous
Passengers and a Uniform Ancillary Pricing Structure

Figure 4.2.21 shows the change in fare class mix, or the change in the numbers of
passengers booked into each of the fare classes. A negative number indicates that the number of
passengers booked into this fare class has decreased due to the change in disutility. For example,
a 25% decrease in mean ancillary disutility leads to a loss of 26.21 leisure passenger bookings in
FC 10. It is worth noting that the number of passengers in one sample is significantly larger than
the changes in fare class mix in this case: airline 1 accepted around 9,500 passengers in a sample,
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and received more than 3,000 leisure passenger bookings in FC 10. As a result, the relative change
in fare class mix is significant, which explains the minimal changes in ticket revenue. Nevertheless,
the fare class mix changes are interesting. There is a clear trend that passengers prefer FC 10 to a
lesser degree, but instead prefer higher fare classes, signaled by the increase in bookings for higher
fare classes alongside the decrease in bookings for FC 10. This buy-up, although insignificant in
terms of magnitude, is caused by the release of budget originally used by the ancillary. When a
passenger values the ancillary less than the price, they choose not to buy the ancillary and may
instead purchase a higher fare class to minimize their generalized costs, as described in Chapter
3.2.2.
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Figure 4.2.21. Airline 1 Fare Class Mix Changes when Mean Ancillary Disutility is Decreased with
Simultaneous Passengers and a Uniform Ancillary Pricing Structure
Figure 4.2.22 shows the fare class mix changes when the mean disutility of the ancillary is
increased. It can be observed that buy-down occurs contrary to the situation when the ancillary is
less appealing to passengers. As the passenger values the ancillary more, some passengers choose
to buy-down fare classes in order to receive the ancillary.
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International Free Ancillary Pricing Structure
This section investigates the revenue impacts of changing the mean ancillary disutility on
an international free ancillary pricing structure, in which passengers traveling on international
itineraries receive the ancillary service for free. In the baseline case, 2,718 of the 9,318 passengers
carried by airline 1 traveled internationally.
Figure 4.2.23 shows the ticket, ancillary and total revenue changes when the mean disutility
is changed. First, comparing the baseline scenario of the international free case with the uniform
case, a slight increase in ticket revenue and a decrease in ancillary revenue can be observed, caused
by the revenue loss of offering free ancillaries.
The revenue shown in the graph, along with other parameters investigated but not shown
including yield and load factors, shows great similarities with the uniform case. Generally
speaking, using an international free structure has the same impacts as the uniform structure, but
with smaller magnitudes of changes.
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Figure 4.2.23. Changes in Airline 1 Ticket, Ancillary and Total Revenue with Simultaneous Passengers
and an International-Free Ancillary Pricing Structure

FC1-4 Free Ancillary Pricing Structure
As shown in Figure 4.2.24, when passengers booking in FC1-4 receive the ancillary for
free, a new pattern of revenue occurs. Unlike in the previous cases, where the ticket revenue
changes in the opposite direction to ancillary revenue, the ticket and ancillary revenues both
decrease or both increase.
Figure 4.2.25 offers explanations for the situation mentioned above. When the mean
disutility of the ancillary increases, the passengers value the ancillary more. Additionally, since
the ancillary is offered for free in FC 1-4, booking in FC 1-4 effectively provides the utility of the
ancillary for free. As a result, those simultaneous and rational passengers choose to buy-up fare
classes in order to maximize their utilities at a lower cost. This buy-up in fare class and the increase
in ancillary revenue caused by the increase in passengers' valuation leads to an increase in both
ticket and ancillary revenues.
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From this section of the test, it can be concluded that different ancillary pricing structures
can lead to different changes in the revenues and fare class mix. If an ancillary service is offered
for free to international passengers, regardless of the fare class that a passenger has booked, the
general effects of changing the price are similar to charging everyone the same, but the revenues
collected for the ancillary service are reduced. If the ancillary service is provided for free for higher
fare classes, the sales of higher fare classes are promoted slightly, as passengers receive no
disutilities from the ancillary services with higher fare classes.

4.2.5. Changes in Ancillary Purchases Under Different Demand Levels
By using a functionality in PODS that can scale the demand for travel by applying factors
to the number of passengers generated, the effect of ancillary revenue under different demand
levels can be studied. In this set of tests, demands ranging from 80% to 120% of the normal demand
that gives 83% load factor are tested. The WTP of the passengers is kept constant regardless of the
changes in demand. For each of the demand levels, the ancillary is available for the passengers in
only one of the two runs. The mean disutility is set to $50, and the price of the ancillary is also set
to $50.
It is important to point out that this test only simulates the scenario of adding a new
ancillary service rather than unbundling an ancillary from the air ticket. To be more specific, when
making this ancillary service available,, no disutility is deducted from the fare class restriction
disutility. As a result, not having this disutility is an additional disutility to the passenger, rather
than being unbundled or deducted from the main ticket.
Figure 4.2.26 shows the ticket and ancillary revenue of simultaneous passengers with the
ancillary offered and not offered; Figure 4.2.27 shows the changes in revenues between the two
cases. First, it can be observed that both ticket and ancillary revenues are not impacted significantly
when an ancillary service is introduced and when the demand level changes. Second, it can be
observed that the increase in ancillary revenue slightly decreases with increases in demand level.
This could be explained as a secondary effect of the fact that the load factor, or effectively the
number of passengers carried, plateaus at higher demand levels, but the yield increases
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significantly. When passengers have to pay more for the air ticket, the remaining budget for the
ancillary decreases. As a result, the ancillary revenue contribution sees slight decreases at higher
demand levels.
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Figure 4.2.28 shows the ticket and ancillary revenues of simultaneous and sequential
passengers, and Figure 4.2.29 shows the differences between the two. It can be observed that the
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differences in ticket revenues are small; the ancillary revenue with sequential passengers is higher
compared to simultaneous passengers at all demand levels, which is likely caused by the absence
of budget constraints.
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From the tests conducted in this section, it can be concluded that the demand levels of air
traffic do not significantly alter the ancillary revenue contribution. To be more exact, the revenue
contribution from the ancillary is decreased only slightly at higher demand levels. This is because
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tickets are sold at higher average fares in the case of higher demand, thus decreasing the remaining
budgets of passengers for the ancillary service. Similar to some of the previous observations,
sequential passengers lead to higher revenues than simultaneous passengers at all demand levels
due to the former's lack of ancillary service budget.

4.3.

Differentiated Ancillary Offerings and Segmented Ancillary Pricing
As was discussed earlier, many airlines lack the capabilities to offer ancillary services with

different prices for different passenger types, with or without the belief that passengers of different
types value an ancillary service differently. This section focuses on the impacts of changing one
of two conditions: either an airline estimates that passengers of different types have different
ancillary valuations, or it is able to charge them differently. The knowledge revealed in this section
should help readers to understand the individual impacts of differentiated ancillary disutilities and
segmented ancillary pricing. Furthermore, the possible future scenario whereby an airline can
charge passengers differently according to its understanding of the differences in passenger
valuations of the same ancillary service will be discussed in section 4.4.
Passenger ancillary purchasing behavior is assumed to be simultaneous in this section since
it was demonstrated in the previous sections that sequential passenger purchasing decisions
regarding base tickets are not influenced by changes in ancillary offerings and pricing. Airlines are
assumed to be able to identify passenger types (i.e., business or leisure) 100% correctly unless
specifically mentioned and tested in section 4.4.3.

4.3.1. Ancillary Services That Differentiate by Passenger Type
Passengers with different trip purposes might experience different disutilities of not
receiving an ancillary service. For example, as explained before, business passengers might suffer
greater disutilities from not receiving inflight Wi-Fi services on board than leisure passengers. If
constrained by the current distribution capabilities, however, an airline might not be able to charge
different prices accordingly. This reality motivates this part of the research: given that an airline is
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not able to charge passengers differently according to their trip purpose, while passengers of
different types can be subject to different disutilities of not receiving an ancillary service, what are
the revenue impacts of changing the quality of the ancillary service for only one passenger type?
In other words, will an airline be better or worse off if it provides more or fewer attractive ancillary
services to only one passenger type without charging them differently?
In tests conducted in this section the price of the ancillary is maintained at $50 for both
passenger types. However, the mean disutility is increased to $62.5 or decreased to $37.5 for either
one of the passenger types. Since the coefficient of variance of the disutility distributions is kept
at 0.3, the standard deviations of the distributions are changed to $18.75 or $11.25, respectively.
When the disutility for one passenger type is changed, the disutility distribution for the other type
is held at a mean of $50. This simulates the scenario in which the mean valuation of the ancillary
service is increased or decreased for only one passenger type, yet all passengers are charged the
same amount.
The uniform ancillary pricing structure, the international-free structure, and the FC 1-4 free
-

structure, as discussed previously, are all tested. Since the results of the international-free and FC

4 free cases closely resemble the trends found in the uniform structure, only the results using the
uniform structure in which all passengers are charged for the ancillary are tabulated and analyzed
here. In the tests all passengers, regardless of their chosen airline, are subject to the changes in the
ancillary disutility according to their trip purpose. As a result, this is a symmetrical test in which
no significant passenger diversions are expected between airlines.

Effects of Increasing or Decreasing Ancillary Disutility Differently by Passenger Type
Figure 4.3.1 shows the revenue impacts of increasing the mean ancillary disutilities of
either or both passenger types. From the results the following can be observed. First, increasing
ancillary disutility, whether in a differentiated or undifferentiated fashion, increases ancillary
revenue but not ticket revenue in this symmetric environment. This result makes sense, since the
passengers who now choose to purchase the ancillary are those who were either previously
constrained by their budget or who did not value the ancillary service as highly as price. Neither
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of these two reasons leads to passenger diversion to other airlines in this symmetric environment,
or causes passengers who previously opted for no-go to change their minds.
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Both of the Passenger Types While Ancillary Price is Held Constant

Second, the revenue impacts of leisure passengers are higher than those of business
passengers when the mean disutility is changed. This could be a result of the 40/60%
business/leisure passenger mix assumed in the conducted PODS tests. Third, it can be observed
that the summed revenue impacts of increasing the disutility for one passenger type approximately
equals the impact of changing the disutility for both. This independence is logical, since the
ancillary purchase decisions of one passenger type are independent of the other passenger type
with the absence of other factors, for example, the offering of a limited number of ancillary services
on a particular flight.
Figure 4.3.2 shows the changes in fare class mix that result when the mean ancillary
disutility of either passenger type is increased. From this figure it can be observed that some buydown exists; this can be explained as passengers now increasingly desire the ancillary service and
thus buy down fare classes to leave room in their budgets for the ancillary service. However, these
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changes in fare class mix and in the total number of passengers across all fare classes are
insignificant compared with the total number of bookings per sample (departure date), at around
9,500. Indeed, even the column with the largest magnitude-FC10 when increasing leisure
passengers' disutility only-shows only change for only 0.4% of all booked passengers. These
small changes in fare class mix dictate the near-zero changes in ticket revenue.
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Figure 4.3.3 shows the airline 1 revenue changes that occur when one or both of the
passenger types' ancillary disutilities are decreased. The results show similar trends as the previous
case of increasing ancillary disutilities, but in a different direction. Again, the trends are
summarized in the following section.
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Summary and Implications for Airlines
Passengers' ancillary disutilities, modeled to represent the discomforts of not receiving an
ancillary service, represent passengers' valuations of ancillary services. The ancillary disutilities
can be differentiated by providing ancillary services at different qualities or service levels per
passenger type in order to introduce inequalities between the valuations of different passenger
types. For example, business passengers, who may need faster access to the internet to maintain
productivity during a trip to a conference, can be differentiated on the inflight Wi-Fi ancillary from
leisure passengers, who can relax and enjoy movies on flights during their vacations. Airlines can
then target those business passengers and offer higher speed internet access so that they value this
service more, thus differentiating this ancillary service by passenger type.
The tests conducted here indicate that differentiating the ancillary disutility by passenger
type does not seem to alter the general effects of changing disutilities for both passenger types
simultaneously. In fact, the summed effect of individually increasing the disutility for the two
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passenger types approximately is equal to the effect of changing the disutilities for both passenger
types at the same time. Ticket revenues are not significantly affected by changes in ancillary
disutilities, given that passenger ancillary purchasing behavior is assumed to be simultaneous.
Revenues from leisure passengers are slightly more sensitive to these changes, since there are more
leisure passengers than business passengers, as per the assumptions made in PODS.
The simulation results also show that increasing the mean disutility of an ancillary service
for one passenger type does not significantly change ticket revenues in a symmetrical environment.
Although this is not tested, in an asymmetrical environment when only one airline improves the
quality of an ancillary, far more significant impacts on the ticket revenue might result.
Because the general effects of increasing the mean ancillary disutility for one passenger
type without changing the price have the same trend as increasing the mean ancillary disutilities
for both passenger types, the returns on efforts made towards differentiation are low. To be more
specific, an airline would be better off in terms of revenue by increasing the mean ancillary
disutility for both passenger types (a 2.86% gain in total revenue would be achieved) than to spend
all the costs of differentiating but only receive a fraction of the revenue gain (1.37% and 1.46%
for business passengers only and leisure passengers only, respectively, as shown in Figure 4.3.1).
As a result, airlines should consider thoroughly before making decisions to only differentiate
ancillary disutilities by passenger type while charging both passenger types the same in a
symmetric environment. The impacts of ancillary disutility differentiation and price segmentation
will be presented in section 4.4.

4.3.2. Ancillary Price Segmentation by Passenger Type
Even if both business passengers and leisure passengers have the same disutility
distribution regarding an ancillary service, an airline can still charge for the ancillary differently
according to passenger type in an effort to increase total revenue. Since business passengers
generally have higher willingness-to-pay budgets and leisure passengers generally have lower
willingness-to-pay budgets, segmenting ancillary prices might help the airline to extract an
increased consumer surplus. This section investigates the impacts of changing the price of the
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ancillary service on such a service with undifferentiated disutilities. Firstly, symmetric scenarios
are simulated in which all airlines apply the ancillary price segmentation; subsequently,
asymmetric scenarios are tested in which only airline 1 applies the ancillary price segmentation.

Ancillary Price Segmentation Utilized Symmetrically by All Airlines
Assuming that both passenger types have the same disutility distribution with a mean of
$50 and a standard deviation of $15, the price for either the business and leisure passengers is
increased to $62.5 or decreased to $37.5 in the experiments. This simulates the scenario in which
all passengers, on average, value an ancillary service the same. However, in this situation ancillary
price segmentations are initiated by all airlines solely in an effort to extract increased consumer
surplus, rather than to match ancillary prices with passenger valuations.
Figure 4.3.4 presents ticket, ancillary, and total revenue changes of ALI when ancillary
price segmentation is initiated, along with all other airlines. The central column shows the baseline
revenues before AL1 has used ancillary price segmentation; the two columns to the left show
revenue changes when the ancillary price increases for either business or leisure passengers; and
the two columns to the right show the revenue changes when the price decreases for either
passenger type.
From this figure it can be observed that applying price segmentation to only one of the two
passenger types results in the same direction of changes, but with lesser magnitude, as applying
changes to both passenger types at the same time. Increasing the price of the ancillary decreases
ancillary revenue, while decreasing the price increases the ancillary revenue due to the changes in
ancillary service purchase rates. The ticket revenue remains approximately the same.
Additionally, it can again be observed that the impacts on leisure passengers are greater
than those on business passengers, which can be explained by the 40/60% passenger mix of
business and leisure passengers.
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Figure 4.3.5 shows the total revenue changes when ALl symmetrically increases the
ancillary price for one and both passenger types. From this figure, it can be observed that the sum
of the two individual changes approximately equals the revenue changes from altering both
passenger types at once. This independent summation effect is very similar to what was found for
the differentiated ancillary disutility, and may be explained by the same reasoning.
Figure 4.3.6 demonstrates the same point as Figure 4.3.5, but shows ticket, ancillary and
total revenue changes. From this graph it can be seen that both ancillary revenues and total
revenues follow the independence rule, although changes in the ticket revenues differ slightly.
Nevertheless, given that absolute changes in ticket revenues are insignificant, this small difference
does not jeopardize the overall finding of this independence, which indicates that the revenue
impacts of changing ancillary prices for business and leisure passengers are nearly independent.
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Ancillary Price Segmentation Applied Asymmetrically by One Airline
The results explained above are conducted under the assumption that all airlines in the
market make the same ancillary pricing segmentation decision at the same time. However, in the
long term this is unrealistic for competitive real-world scenarios. The following paragraphs
analyze the performances of all four airlines in the network when only airline 1 begins ancillary
price segmentation ahead of the other airlines, so that the influences of the asymmetrical use of
price segmentation can be understood.
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Figure 4.3.7 shows the revenues and load factors of airline 1 when it asymmetrically
increases the ancillary price for business passengers and decreases the ancillary price for leisure
passengers on this undifferentiated ancillary service. Compared with Figure 4.3.1 and Figure 4.3.4,
which show how ticket revenues remain approximately constant when ancillary price segmentation
is practiced by all airlines symmetrically, it can be seen that the ticket revenue now changes
significantly at the same magnitude, if not more, as the ancillary revenue. Figure 4.3.8 shows the
revenue changes of all airlines when airline 1 applies ancillary price segmentation and Figure 4.3.9
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shows changes in the number of passengers carried by passenger type. When ALI asymmetrically
increases the ancillary price for business passengers, it loses business passengers and the
associated revenues to other airlines. In contrast, it gains revenues and leisure traffic from other
airlines if it discounts the ancillary for leisure passengers.
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Figure 4.3.10 and Figure 4.3.11 supports this speculation: Figure 4.3.10 suggests that the
loss and gain of revenue in both cases approximately equals the sum of the losses and gains of
other airlines. Figure 4.3.11 shows that when airline 1 decreases the price for ancillary services,
the loss of business passengers and gain of leisure passengers almost exactly equals the sum of the
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losses and gains of the other airlines. The results of airline 1 increasing the price for business
passengers shows the same conclusion, although this is not shown here.
From these graphs it can be concluded that the revenue impacts of asymmetrical use of
ancillary price segmentation are mainly caused by competitive pricing. Accordingly, airline 1
gains or loses traffic and revenue from and to other airlines only because it charges higher or lower
ancillary prices. The changes in airline 1 performance and the summed changes of the other airlines
approximately cancel each other out, meaning that these are even exchanges and no additional
demand is generated. As a result, the benefits of segmented pricing of ancillary services-without
significantly changing ancillary prices and under the PODS framework-should be understood as
the results of a pricing game between airlines, rather than the results of other effects such as
extracting greater consumer surplus.
With the impacts of changing ancillary prices for only one of the two passenger types
explained, the effects of changing the pricing for both types in different directions are now
presented. In this test the prices for business and leisure passengers are set to $62.5 and $37.5, with
disutilities held at $50/$50. This simulates the scenario whereby an airline wishes to upcharge
business passengers and discount leisure passengers at the same time, but only based on their
estimated willingness-to-pay rather than their disutilities of not receiving the ancillary service. The
experimental parameters are summarized in Table 4.3.1.

Baseline
Experiment

Table 4.3.1. Summary of Experimental Parameters
Prices (Business/Leisure)
Disutilities
(Business/Leisure)
AL
Other Airlines
$50/$50
$50/$50
$50/$50

$62.5/$37.5

$501$50

Figure 4.3.12 shows the airline 1 revenue, load factor and yield changes from the baseline
case. First, it can be seen that the change in ticket revenue dominates the changes in total revenue
as segmented ancillary pricing is applied asymmetrically, leading to inter-airline passenger
diversions. Second, the load factor increases by 4.31 points but the yield decreases significantly.
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The results shown above suggest that airline 1 has accepted many more leisure passengers,
which decreases the yield but increases the load factor. Figure 4.3.13 supports this speculation.
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Figure 4.3.13 shows significant increases in leisure passenger bookings, especially in the
lower fare classes. The figure also shows a decreased total number of business passenger bookings.
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These changes in fare class bookings are the result of the altered ancillary pricing: since only
airline 1 is charging more for business passengers, those business passengers are diverted to the
other airlines due to the pricing of the ancillary services. On the other hand, since airline 1 is
discounting for leisure passengers, it attracts leisure passengers from other airlines. The results
shown in Figure 4.3.14 corroborate these speculations.
Figure 4.3.14 shows the revenue, load factor, and yield changes of all airlines. It can be
observed that other airlines suffer from revenue losses and the load factor decreases. The yields of
other airlines increased as the yield of airline 1 decreased. Those changes are caused by the reasons
explained above: as airline 1 loses business passengers and gains leisure passengers due to its
ancillary pricing, other airlines lose leisure passengers and gain business passengers. Since there
are more leisure passengers overall, and because leisure passengers are more price sensitive, airline
1 is attracting more leisure passengers and thus gains more passengers overall.
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Figure 4.3.14. Revenue, Load Factor and Yield Changes of All Airlines when Airline I Asymmetrically
Applies Ancillary Price Segmentation to Both Passenger Types for an Undifferentiated Ancillary Service

Figure 4.3.15 shows a more detailed revenue change breakdown by passenger type. From
the figure on the left it can be observed that airline 1 loses $93,034 in ticket revenues from business
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passengers, yet it gains nearly twice as much in ticket revenues from leisure passengers, leading
to an overall gain in ticket revenue. The ancillary revenue follows the same trend: a loss of business
passengers but a gain in leisure passengers. These results further substantiate the findings
presented above, as this positive gain in total revenue is primarily caused by the discounting of
leisure passengers' ancillary services. In turn, this leads to increased traffic and revenues for airline
1.
Figure 4.3.16 displays changes in ancillary purchase rates by passenger type. From this
graph it can be observed that the ancillary purchase rates decrease or increase by the same
percentage regardless of the fare class booked. This result makes sense, since the distributions
determining passenger attributes are independent of passenger type. That is to say, a business
passenger with a higher fare class disutility cost would not necessarily also have a high disutility
cost on the ancillary service. As a result, a uniform change of ancillary purchase rate across the
fare classes is observed.
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Figure 4.3.15. Changes in Airline I Ticket and Ancillary Revenues by Passenger Type when
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108

60%
40%
20%
0%
-20%
-40%
Business

Leisure

mFC1 mFC2 mFC3 vFC4 mFC5 *FC6

MFC7 *FC8

mFC9 mFCO

Figure 4.3.16. Change in Airline I Ancillary Purchase Rate by Passenger Type when Asymmetrically
Applying Ancillary Price Segmentation to Both Passenger Types for an Undifferentiated Ancillary
Service

Summary and Implications for Airlines
Segmenting ancillary prices on an ancillary service that has undifferentiated disutility by
passenger type means that an airline charges different prices by passenger type on an ancillary that
is offered at the same quality and that is valued the same by both passenger types. Such a decision
could be made in an attempt to receive increased ancillary revenues from a business passenger
who generally has a more generous budget, or to increase bookings from price-sensitive leisure
passengers by offering some discounts on ancillary services.
From the results of the simulations, similar conclusions can be drawn to those presented in
the previous section on differentiated ancillary disutility. In symmetric environments with an
undifferentiated ancillary service, when the price is only changed for one passenger type, the
revenue impact trends are the same as when changing the price for both passenger types; the
magnitudes of impacts are diminished. Discounting the ancillary price of an undifferentiated
ancillary service for one passenger type leads to fractions of revenue gain (0.54% and 0.91% for
business and leisure passengers, respectively) compared to the effect of decreasing the price for
both passenger types at the same time (1.47%, as shown in Figure 4.2.6). If segmenting ancillary
price incurs costs, the benefit of this segmentation could be negative compared with offering the
same discounts for both passenger types with no costs on segmentation. Nevertheless, if an airline
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is certain that charging the ancillary at different discounts or premiums leads to greater revenue,
then ancillary price segmentation for one passenger type could be beneficial.
In asymmetric environments, an airline that performs price segmentation could gain
significant revenue increases by attracting more of the passenger type that is discounted. It has
been shown that the asymmetrical use of ancillary price segmentation is effectively a pricing game:
an airline that offers lower ancillary prices attracts passengers who desire the ancillary, at the
expense of other airlines. In this scenario the exchange of traffic and revenues is almost even,
meaning that the gain and loss of the airline applying segmented ancillary pricing nearly equals
the sum of the losses and gains of its competitors. In the test that discounts leisure passengers but
increases the price for business passengers, the total revenue is increased, since the more pricesensitive leisure passengers are attracted to airline 1 at the expense of other airlines.

4.3.3. Impacts of Identification Rates with Segmented Ancillary Pricing
All the tests conducted above assume a perfect identification rate when identifying if a
passenger is a business or a leisure passenger, which implies that an airline can consistently
identify the trip purpose of a passenger correctly. However, an airline may not always be capable
of correct identification and presenting the correct ancillary price according to this judgment. As
a result, it is important to understand the effects of the probability that an airline incorrectly
identifies a passenger's trip purpose.
When an airline incorrectly identifies a passenger's trip purpose, it offers an erroneous
price to the passenger. When an airline mistakenly identifies a business passenger as a leisure
passenger it offers leisure prices, which are usually lower than business prices, leading to a loss in
potential revenue. Even worse, when an airline mistakenly offers business prices to a leisure
passenger, the price might be so high that the leisure passenger opts for no-go or may choose to
fly with another airline, leading to an even larger revenue loss since the revenue received could be
zero.
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In this set of tests, while airline 1 asymmetrically applies segmented pricing and charges
business and leisure passengers $62.5 and $37.5, respectively, its passenger type identification rate
is changed from 100%, labeled as ID 100, to 60%, labeled as ID60. The identification rate is tested
at a 10% interval, and the performance is compared against the unsegmented base in which no
airline uses segmented pricing.
Figure 4.3.17 shows the airline 1 ticket, ancillary, and total revenue changes from the
unsegmented base when airline 1 becomes progressively worse at correctly identifying passenger
type. First, it can be observed that the total revenue decreases as airline 1 performs more poorly at
identifying passenger types, as expected. However, it can also be observed that airline 1 still
experiences positive revenue gains when it only identifies a passenger's trip purpose correctly 60%
of the time. In that case, as shown in Figure 4.3.18, the revenue benefits on ancillary revenue
diminish to near zero, yet a 2.06% gain on ticket revenue that leads to a 1.97% gain on total revenue
can still be observed.
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Figure 4.3.17. Revenues Changes of Airline I when it Identifies Passenger Type Less Accurately while
Segmenting Ancillary Prices for an Ancillary Service with Undifferentiated Disutility
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Segmenting Ancillary Prices for an Ancillary Service with Undifferentiated Disutility

The question then arises of why airline I is able to achieve revenue gain even if it only
performs slightly better than if it were to toss a coin, equaling a 50% identification rate. Table

4.3.2 explains why this is the case. The table shows all four possible combinations of passenger
type and correct identification. In the two scenarios with green backgrounds, in which a business
passenger is mistakenly identified as a leisure passenger and a leisure passenger is identified
correctly, the passenger is now offered a lower ancillary price from airline I than from other
airlines. In those cases, with a total probability of occurrence at 0.4 x 0.6 + 0.6 x 0.6 = 0.52, a
passenger prefers airline I more than the case where ancillary service pricing is not segmented.
In the other two cases, in which airline I correctly identifies a business passenger or
mistakenly identifies a leisure passenger as a business passenger, the passenger is now charged
more than by other airlines. Even so, when a business passenger is charged more, the higher
associated budget might allow them to stay.
As a result, 52% of passengers prefer airline I more because of the discounts given to them
even if airline I only identifies a passenger's trip purpose in 60% of cases. Additionally, out of the
remaining 48% of the probability, there is a 24% probability that airline I might not be hurt
significantly when a business passenger is identified correctly due to their more generous budgets.

112

Therefore, since more passengers prefer airline 1 than in the case of unsegmented pricing, airline
1 witnesses this revenue gain even with a poor identification rate in this asymmetrical environment.
Table 4.3.2. Outcomes of Passenger Type and Identification Success Combinations
Identified Correctly?
No (40%)

Yes (60%)

P = 0.4 x 0.6 = 0.24
P = 0.6 x 0.4 = 0.24
In this case, a correctly identified biz
In this case, an incorrectly identified
Biz passenger is now charged more for the business passenger is charged less for the
(40%)
ancillary. However, due to their
ancillary. All else being equal, the
sufficient budget, the business
passenger prefers airline 1 even more.
s
pasienge miht us
Pax
Type

passenger might stay.

P 0.4X040.16
P = 0.6 x 0.6 = 0.36
an incorrectly identified
case,
this
In
identified
correctly
a
In this case,
Leis
leisure passenger is charged less for leisure passenger is charged more for the
(60%) the ancillary. All else being equal, the ancillary. All else being equal, he would
thseangery.Aefese bing1 equa, moe. go to another airline or would not
passenger prefers airline 1 even more.
purchase the ancillary.

Figure 4.3.19 and Figure 4.3.20 show other airlines' revenue and load factors when airline
1 mistakenly identifies passenger type. As expected, other airlines' revenues and load factors
rebound when the airline performs increasingly poorly at correctly identifying a passenger's trip
purpose. These rebounds also help to confirm the nature of asymmetrical segmented ancillary
pricing: it is a pricing game. When airline 1 discounts prices for its passengers, it gains in terms of
traffic and revenue even if it essentially randomly gives discounts for some passengers. At a 60%
identification rate, the airline still is able to gain passengers at the expense of other airlines through
this random allocation of discounts. It is these discounts that attract passengers, not the
mechanisms of segmentation. Figure 4.3.21 shows the number of passengers carried, which also
supports this conclusion: airline 1 still attracts many more leisure passengers when offering almost
random discounts at an identification rate of 60%.
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In summary, the tests conducted in this section confirm the importance of accurately
identifying passenger types when applying ancillary price segmentation to an ancillary service
with undifferentiated disutility. The total revenue of airline 1 falls with decreasing passenger type
identification accuracy, while other airlines see rebounds in their total revenue. Since the
previously proven benefits of segmented ancillary pricing come from the traffic diverted from
other airlines through the offering of discounts, falls in identification rate reduce the amount of
traffic diverted from other airlines. Nevertheless, airline 1 still sees revenue gains even when it
randomly gives discounts to passengers. The benefit of asymmetric segmentation lies in the
offering of discounts which are not provided by competitors; to which passengers the discounts
are given is less important.

4.4.

Segmented Pricing on an Ancillary Service with Differentiated Disutilities
This section tests the impacts of segmented pricing on an ancillary service that has

differentiated disutilities. In the future, when an airline is certain that an ancillary represents
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different value to passengers with different trip purposes and is able to charge those passengers
accordingly, the tests presented in this section will help to understand the impacts of ancillary
offering and pricing decisions.
In this section the two types of ancillary services that appeal differently to different
passenger types (introduced in Chapter 3) are tested: namely, the business passenger-oriented
ancillary and leisure passenger-oriented ancillary. The assumed characteristics of the two types of
ancillaries are listed in Figure 4.4.1. The impacts of asymmetrically and symmetrically applied
ancillary price segmentation, the effects of passenger type identification rates, and potential
competitive responses to applying ancillary price segmentation are also investigated.

For segmentation purposes, we assume
business passengers have higher disutility
on an ancillary, whereas leisure passengers
have lower disutility on this ancillary

For segmentation purposes, we assume
leisure passengers have higher disutility on
an ancillary, whereas business passengers
have lower disutility on this ancillary
-

E.g. Inflight Wi-Fi

E.g. Checked bag

0

le

Undifferentiated Ancillary

$50

$50

Business Passenger-Oriented Ancillary

$62.5

$37.5

Leisure Passenger-Oriented Ancillary

$37.5

$62.5

Figure 4.4.1. Assumed Characteristics of Business Passenger- and Leisure Passenger-Oriented Ancillary

Passenger ancillary purchasing behavior is also set to be simultaneous for this section, as
it was demonstrated in previous sections that sequential passenger purchasing decisions on base
tickets are not influenced by changes in ancillary offerings and pricing. In addition, airlines are
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assumed to be able to identify passenger type (business or leisure) with 100% accuracy unless
specifically mentioned and tested in section 4.4.3.

4.4.1. Asymmetrical Use of Segmented Ancillary Pricing
Before explores the tests and results, it is beneficial to take a step back to rationalize and
understand the gains witnessed by airline 1 when it alone begins to segment ancillary prices.
Previous evidence suggests that revenue gains from such asymmetric actions are primarily the
result of discounted pricing, and the numerical example below shows one possible scenario of this
kind.
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Figure 4.4.2. A Numerical Example of the Benefits of Asymmetrical Use of Segmented Ancillary Pricing

As shown in Figure 4.2.2, a leisure passenger with a budget of $250 who has a disutility of
not receiving the ancillary of $50 arrives at an early booking time. All of the airlines are offering
the same fare class as their lowest available fare class to the passenger, and the passenger has the
same fare class disutility towards the restrictions associated with that fare class. Since the
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generalized costs of purchasing any of the four options are the same, the probability of the
passenger to choose any of the four airlines is 25%. Given that the passenger has chosen to fly
with an airline, the probability that they purchase the ancillary is also 50%, because they value the
ancillary at the price of that ancillary. Then, as shown in the blue table, the expected revenues of
all airlines from this passenger are the same, ($150 + $25 x 0.5) x 0.25 = $43.75, due to the
even probability of purchase.
When airline 1 asymmetrically begins ancillary price segmentation, however, the
probability of the passenger purchasing the ticket from other airlines suddenly collapses to zero.
As the discounted ancillary price provided by airline 1 introduces a surplus to the differences
between the utility that the passenger enjoys and the costs paid, buying the ticket and ancillary
from airline 1 is the only rational option for this simultaneous passenger. As a result, the expected
revenue of airline 1 surges to $187.50, while the expected revenues of other airlines drop to zero.
This is a numerical example that demonstrates the nature of asymmetrical use of segmented
ancillary pricing: airlines can leverage small discounts given on an ancillary service to gain a
comparatively huge amount of additional ticket revenue. In this particular case, airline 1 leveraged
a small quantity of discount on ancillary pricing ($12.5) and gained much more ($187.5 - $43.75
= $143.75) in expected total revenue. Results in symmetrical environments and possible
competitive feedback from other airlines are discussed in sections 4.4.3. and 4.4.4. respectively.
With the explanation for reason airline 1 observing significant gains when it
asymmetrically segments ancillary prices, experiments are now conducted on business passengerand leisure passenger-oriented ancillaries. Table 4.4.1 summarizes the experimental parameters of
the two tests to be conducted. For each of the two ancillary types airline 1 asymmetrically "matches"
its prices with the mean disutilities of the ancillary for the two passenger types, whereas other
airlines charge $50 for all passengers.
Table 4.4.1. Summary of Experimental Parameters
Disutilities (Biz[Lei
Biz Pax-Oriented Ancillary

Baseline
Experiment

$62.5/$37.5

Leis Pax-Oriented Ancillary

Baseline
; Experiment

$37.5/$62.5
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Prices QlizfLei)2
--Airline 1

$50/$50

i:OALs

$50/$50

$62.5/$37.5 $50/$50
$50/5
$5$5
$37.5/$62.5 $50/$50

Business Passenger-Oriented Ancillary
First, the revenue changes of "matching" prices with mean disutilities of a business
passenger-oriented ancillary from a no segmentation baseline are presented in Figure 4.4.3. From
this figure, it can be observed that airline 1 witnesses increased ancillary revenue and load factor,
but decreased yield. These results suggest that airline 1 loses business passengers but gains more
bookings from leisure passengers, who counteract the loss of ticket revenues from business
passengers, as well as increased ancillary revenue and load factor.
Load Factor [%]

Revenue Change from Base
120

86
84

100

84.90%
83.49%

82

80

80
m Base

N Experiment

60

Yield
40

$0.13

0.1266

20

0.1244

+

20
$0.12

0
0 Ticket REV

U

NBase

Ancillary REV E Total REV

UExperiment

Figure4.4.3. Airline 1 Revenue, Load Factor and Yield Changes from the Base when Asymmetrically
Matching Ancillary Prices with Disutilities of a Business Passenger-Oriented Ancillary

Figure 4.4.4 shows the changes in ticket and ancillary revenues by passenger type, and
further confirms the previous observations. Airline 1 loses business passengers, but the additional
leisure passenger bookings generate further revenue. At the same time, the increased number of
leisure passengers contribute to additional ancillary revenue, which leads to an overall increase in
total revenue.
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Figure 4.4.5 presents the changes in airline 1 fare class mix by passenger type. From this
figure it can be seen that airline 1 receives many more leisure bookings in the lower fare classes,
since these classes have closer spacing in terms of prices. As a result, this $12.5 discount is more
significant for lower fare classes than higher fare classes. Additionally, FC 6 originally accepts
more passengers than other fare classes.
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Figure4.4.6. All Airline Revenue, Load Factor and Yield Changes when Airline I Asymmetrically
Matches Ancillary Price with Disutilities of a Business Passenger-Oriented Ancillary

Figure 4.4.6 shows the revenues, load factor and yield changes of all airlines. Unlike the
other cases investigated above, asymmetrically matching the prices with mean disutilities on a
business passenger-oriented ancillary does not significantly affect other airlines' total revenue.
Although other airlines suffer slight load factor decreases due to the loss of leisure passengers to
airline 1, they are able to recover revenues by accepting excess business passengers from airline 1.

Leisure Passenger-Oriented Ancillary
A leisure passenger-oriented ancillary is now investigated. Figure 4.4.7 shows the revenue,
load factor and yield changes of airline 1, which suffers significant losses in ticket revenues and
load factor. It is clear that with its ancillary being sold at a higher price for leisure passengers,
some price-sensitive leisure passengers are booking with other airlines because of this price
increase.
121

REV Change from Base

Load Factor [%]

120

100

84

80

82

60

80

83.46%
81.30%

40

EBase

N Experiment

20
Yield

0
-20

$0.13

0.1266

0.1278

-40
-0

$0.12

* Ticket REV U Ancillary REV N Total REV
U Base N Experiment
Figure 4.4.7. Revenue, Load Factor and Yield Changes of Airline I when Asymmetrically Matching
Ancillary Price with Disutilities of a Leisure Passenger-Oriented Ancillary
Change in Ticket Revenue by Pax Type

Change in Ancillary Revenue by Pax Type

W$100

$100

S$80

$80
$

$60

$60

..

$40

$40

$20

$20

$0

so

-S20

-$20

-$40

-$40

-$60
Biz

-$60
Leis

Total

Biz

Leis

Total
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Figure 4.4.8 further confirms this observation: airline 1 loses many more leisure passengers
than what is lost in terms of business passenger bookings. Ancillary revenue follows the same
trend, since the revenue is directly related to the number of passengers booked. The loss of ticket
revenue dominates the overall change in revenue. Figure 4.4.9 shows a significant decrease in
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FC 10 bookings from leisure passengers, which could also be explained by the closer spacing
between the prices of the lower fare classes and the fact that FC6 originally accepts many more
passengers.
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Figure 4.4.10 shows how other airlines gain at the expense of airline 1. As airline 1 charges
more to leisure passengers--even though it is matching the price to their mean disutilities-it loses
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leisure passengers to other airlines. Hence other airlines witness an increased number of leisure
bookings, leading to higher load factors and lowered yields.

Summary and Implications for Airlines
In this section, ancillary price segmentation is tested on business passenger- and leisure
passenger-oriented ancillaries that appeal differently to different passenger types. The price
segmentation on the business passenger-oriented ancillary, on which we charge the business
passengers higher for the ancillary service and the leisure passengers lower to match the prices
with their respective mean ancillary disutilities, shows a positive revenue gain. The gain was
primarily driven by the significantly increased ancillary revenues from leisure passengers, since
the discounts of the ancillary service to leisure passenger lead to a significant increase in leisure
traffic and the discount of the ancillary service increased the purchase rate of the service.
Meanwhile, price segmentation on the leisure passenger-oriented ancillary exhibits a revenue loss
that is primarily driven by the loss of ticket revenues from leisure passengers that are diverted to
other airlines due to airline l's higher pricing of the ancillary. In both cases the lowest fare class
(FC 10) is impacted the most. This is partially due to the smallest fare differences between FC 10
and the adjacent fare class, which makes the discount in ancillary relative more significant, and
partially due to FC 10 originally taking more bookings, which means that the same percentage of
changes leads to more absolute changes.
In summary, from the tests conducted above it seems that charging higher prices for leisure
passengers than a competitor is not beneficial for an airline, even if leisure passengers' mean
disutility is higher. In a competitive environment, offering at a competitive price relative to an
airline's competitor is more important than trying to find a mathematically optimal solution. Since
in the PODS framework leisure passengers have tighter budgets and the number of leisure
passengers is larger, how airline 1 prices its ancillaries for leisure passengers dominates its overall
revenue changes.
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4.4.2. Symmetrical Use of Segmented Ancillary Pricing
Technological advantages of an airline will not remain intact forever. Sooner or later most
airlines, if not all, will be capable of applying segmented ancillary pricing. This section
investigates the revenue impacts of segmented ancillary pricing when all four airlines in this
network U 10 take advantage of segmented pricing. The business- and leisure-oriented ancillaries
are tested as before, and the experimental parameters are summarized in Table 4.4.2.
Table 4.4.2. Summary of Symmetrical Test Experimental Parameters

Prices (!Biz/Leis)_

-

A sAiles
Disutilities (Biz/Leis)
BaseAin
Air01$5s
$50/$50
$62.5/$37.5
Baseline
Biz Pax-Oriented Ancillary
$62.5/$37.5
Experiment
Baseline
$50/$50
Leis Pax-Oriented Ancillary
$37.5/$62.5
$37.5/$62.5
Experiment

Business Passenger-Oriented Ancillary
Figure 4.4.11 shows the revenue, load factor and yield changes of airline 1 when all airlines
start ancillary price segmentation. Since this is a symmetrical environment, all airlines in the
network experience the same direction of changes. From the graph it can be seen that airline 1
observes effectively no changes in ticket revenue but does see a significant increase in ancillary
revenue. Its load factor and yield essentially remain the same. These results make sense and concur
with the previous findings in symmetric environments: since all airlines charge the same price for
the ancillary, no significant inter-airline diversions of passengers take place so that the ticket
revenue, load factor and yield approximately stay the same. The changes in ancillary revenue
primarily come from the increased ancillary purchase rates of leisure passengers; with a decreased
price, leisure passengers buy more ancillary services and this drives ancillary revenues upwards.
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Figure 4.4.11. Airline 1 Revenue, Load Factor and Yield Change from the Base when All Airlines
Symmetrically Match Ancillary Price with Disutilities of a Business Passenger-Oriented Ancillary

Figure 4.4.12 shows the revenue changes for all airlines. These results conform to the
expectation that all airlines should be subject to trends in the same direction. In this case, all airlines
witness near-zero changes in ticket revenue but a significant increase in ancillary and total
revenues.
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Figure 4.4.12. Ticket, Ancillary and Total Revenue Changes of All Airlines when All Airlines
Symmetrically Match Ancillary Price with Disutilities of a Business Passenger-Oriented Ancillary
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Leisure Passenger-Oriented Ancillary
With a leisure passenger-oriented ancillary and with segmented ancillary pricing, similar
trends can be observed but with reduced magnitudes. Figure 4.4.13 shows the revenue, load factor
and yield changes of airline 1. The airline's ticket revenue, load factor and yields effectively
remain constant, while the ancillary revenue increases less than it did with the business passengeroriented ancillary. This result is also primarily caused by leisure passengers constituting 60% of
total passengers in PODS: when charged a higher price, fewer leisure passengers can afford the
ancillary service. As a result, the effects of increasing ancillary price are reduced by the lower
number of ancillary services sold. Figure 4.4.14 shows the revenue changes of all airlines. As
before, all airlines witness increased ancillary revenue increases but still with reduced magnitudes.
Airline 3, a simulated low-cost carrier, gained less revenue upon charging more for the ancillary
for leisure passengers.
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Figure4.4.13. Airline 1 Revenue, Load Factor and Yield Changes from the Base when All Airlines
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Summary and Implications for Airlines
In summary, in symmetrical environments where all airlines utilize ancillary price
segmentation, the influences of ancillary price segmentation on airline ticket revenues are
negligible. Changes in ancillary revenue dominate changes in total revenue. Under these scenarios,
airlines can maximize revenue by maximum ancillary revenue for themselves. However, since
different airlines may have different optimal prices, airlines might eventually have to match the
lowest price on the market in order to remain competitive. As a result, the market might constantly
be in dynamic equilibrium rather than persisting at the optimal prices of a single airline.

4.4.3. Impacts of Passenger Type Identification Accuracy on Segmented
Ancillary Pricing
Tests similar to those conducted in section 4.3.3. are performed in this section. The
identification rate, or the probability that an airline successfully identifies a passenger's trip
purpose, is varied from 100% to 60% for airline 1, with cases labeled ID 100 to ID60 as appropriate.
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In those cases, airline 1 asymmetrically utilizes segmented ancillary pricing on the business
passenger- and leisure passenger-oriented ancillary. One additional case scenario is tested whereby
other airlines are assumed to have an 80% identification accuracy, whereas airline 1 is assumed to
have accuracy rates ranging from 60% to 100%. This scenario simulates situations in which an
airline believes that it can perform better or worse than the industry average performance. Table
4.4.3 summarizes the experimental set-ups of the tests detailed in this section.
Table 4.4.3. Summary of Experimental Parameters in this Section

Disutilities (B/L)

Prices (B/L)

Identification Rates
100% to 60%

$62.5/$3 7.5

$62.5/$37.5
$0$010
$50/$50
$37.5/$62.5

100% to 60%

Industry Average at 80%

Airline 1
OALs
Airline I
OALs

$37.5/$62.5

$62.5/$37.5

100%

$50/$50

$62.5/$37.5

100%
100% to 60%

-

Leis Pax-Oented ANC

Airline 1
OALs

-

BzP..NAirline 1

Biz Pax-Oriented ANC

80%

Business Passenger-Oriented Ancillary
Figure 4.4.15 and Figure 4.4.16 show airline l's total, ticket and ancillary revenue changes
from the unsegmented pricing base. As airline 1 makes an increased number of mistakes when
identifying a passenger's trip purpose, it witnesses increasing ticket revenue and decreasing
ancillary revenue. Interestingly, the total revenues approximately remain constant. The increases
in ticket revenue and decreases in ancillary revenue are easy to explain: as airline 1 mistakenly
offers discounts to business passengers, they are more likely to book with airline 1. As higher
prices are mistakenly offered to leisure passengers, these passengers turn to other airlines. As
airline 1 gains more and more valuable business passenger bookings from those who are not
attracted by the ancillary service, its ticket revenue increases; as airline 1 loses more and more
leisure passengers who desire the ancillary to other airlines, its ancillary revenue decreases.
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Figure 4.4.15. Airline I Ticket, Ancillary and Total Revenue Changes from Unsegmented Base with
Different Passenger Type Identification Rates and Asymmetrically Segmented Ancillary Prices
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Figure4.4.16. Airline 1 Ancillary and Total Revenue Changes from Unsegmented Base with Different
Passenger Type Identification Rates and Asymmetrically Segmented Ancillary Prices

Figure 4.4.17 reveals another interesting phenomenon. As the airline makes more mistakes
at identifying passenger types, other airlines also suffer from increasingly greater total revenue
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loss. This is due to their loss of high-revenue business passengers to airline 1 and their acquisition
of excess low-budget leisure passengers from airline 1, which potentially displace late-arriving
high-value business passengers.
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Figure 4.4.1 7. Total Revenue Changes of All Airlines with Different Passenger Type Identification Rates
when Airline I Asymmetrically Segments Ancillary Prices

Figure 4.4.18 shows the average fare paid and ancillary revenue per passenger received by
airline 1. From this graph it can be observed that the airline receives higher per-passenger revenue
when it starts to segment ancillary pricing. The gain, however, decreases as its identification rate
drops. At a 60% identification rate the changes in ticket revenue diminish for both business and
leisure passengers; the changes in ancillary revenue, however, persist. This is an interesting but
explainable phenomenon. As airline 1 charges a higher ancillary price to business passengers,
those business passengers who value the ancillary highly tend to seek alternative airlines.
Contrarily, those leisure passengers who value the ancillary highly tend to book with airline 1 to
enjoy the discount. As a result, although the average paid fares are similar with or without ancillary
price segmentation, the characteristics of carried the passengers might be very different in terms
of average ancillary disutilities.
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Figure 4.4.18. Average Fare and Ancillary Paid by Passenger Type of Airline 1 with Different Passenger
Type Identification Rates when it Asymmetrically Segments Ancillary Prices

Figure 4.4.19 shows the changes in the number of carried passengers by passenger type. It
can be observed that airline 1 recaptures approximately 67 business passengers and loses 64 leisure
passengers when its identification accuracy is decreased by 10%. The change in the number of
leisure passengers is much smaller than this change with an unsegmented ancillary pricing, which
can be explained by Table 4.4.4. The table shows the average presented ancillary price and the
mean disutilities in both cases. From the table it can be observed that, even with a 60% accuracy,
the average price presented to a leisure passenger is $47.5. With unsegmented ancillary pricing
that has a mean leisure disutility of $50, this still represents a $2.5 "discount" from the mean
disutility; with the business passenger-oriented ancillary, it represents a $10 "premium" from the
mean disutility. As a result, although airline 1 prices the ancillary at a lower level than its
competitors, it receives more leisure passenger bookings in the previous unsegmented case than in
the business passenger-oriented ancillary case. This result indicates that although competitive
pricing is important, the value gained by passengers from ancillary services still significantly
influences the revenue received by an airline.
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Figure 4.4.19. Changes of Number of Passengers Carried by Passenger Type Base with Different
Passenger Type Identification Rates when airline 1 Asymmetrically Segments Ancillary Prices

Table 4.4.4. Comparison Between Average Ancillary Price Presented to Leisure Pax and Mean Disutility

ID Accuracy

Average ANC Price Presented

Deviation from
$50

100%
90%

$37.5 x 1 = $37.5
$37.5 x 0.9 + $62.5 x 0.1 = $40
$37.5 x 0.8 + $62.5 x 0.2 = $42.5
$37.5 x 0.7 + $62.5 x 0.3 = $45
$37.5_x 0.6 + $62.5 x 0.4 = $47.5

$-12.5
$-10
$-7.5
$-5
$-2.5

80%
70%
60%

_

Deviation from
$37.5
$0
$2.5
$5
$7.5
$10

Leisure Passenger-Oriented Ancillary
Figure 4.4.20 and Figure 4.4.21 show the changes in airline 1 total, ticket and ancillary
revenue from the base. As the identification rate of airline 1 decreases, its ticket, ancillary and total
revenue all increase. The ticket revenues are more sensitive than ancillary revenues; all of the
revenue changes become positive below a 70% accuracy rate. This result makes sense, since the
original displaced leisure passengers when airline 1 started the ancillary price segmentation with
100% accuracy-due to the higher pricing of ancillaries by airline 1 for leisure passengers-are
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now returning to airline 1 when they are mistakenly presented with the lower ancillary price for a
business passenger of $37.5 rather than the normal price of $62.5.
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Figure4.4.20. Airline 1 Ticket, Ancillary and Total Revenue Changes from the Base with Different
Passenger Type Identification Rates and Asymmetrically Segmented Ancillary Prices
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As shown in Figure 4.4.22, the other airlines start to suffer from total revenue losses as
airline 1 performs worse at identifying passengers' trip purposes and gains total revenue. At lower
identification rates, airline 1 can achieve revenue gains as it attracts leisure passengers back from
other airlines when making identification mistakes, in addition to attracting more business
passengers by offering them a lower ancillary price. When airline 1 makes more mistakes, more
leisure passengers, which constitute 60% of the total passengers, are attracted back to airline l's
erroneously lower ancillary price.
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Figure 4.4.22. Total Revenue Changes of All Airlines from the Base with Different Passenger Type
Identification Rates and Asymmetrically Segmented Ancillary Prices

AL Performance with Assumed Industry Average Accuracy of 80%
Airlines can devote more resources to developing algorithms to achieve higher-thanindustry accuracy at identifying passenger types. This study simulates the revenue changes of
airline 1 when it performs better or worse than an assumed industry average of 80% on a business
passenger-oriented ancillary. The set-up of the experiment is summarized in Table 4.4.5. It is worth
bearing in mind that this test, unlike the previous two tests, simulates a symmetric environment in
which all airlines apply the segmented ancillary price; otherwise the identification rates of the
other airlines cannot be applied.
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Table 4.4.5. Summary of Experimental Set-up for This Test

Identification Rates
AL 1
100-60%
80%
OA

Disutilities (B/L) Prices (B/L)
$62.5/$37.5

$62.5/$37.5

OALs

Always 80%

Figure 4.4.23 reveals a similar result to Figure 4.4.15, which shows revenue changes with
the same business passenger-oriented ancillary but with other airlines' identification rates set at
100%. The ticket revenues of airline 1 increase, ancillary revenue decreases, and total revenue
remains approximately constant as the airline's performance decreases with reduced identification
rate, due to the same reasoning provided for the previous experiment. Revenues in this case with
an industry average of 80%, however, lead to less revenue gain for airline 1. This could be
explained by the fact that other airlines also offer discounts to leisure passengers, and sometimes
erroneously to business passengers. These actions weaken the benefits when airline 1 is the only
airline offering discounts for passengers, as this leads to lower revenues for airline 1 than in the
previous case.
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Figure4.4.23. Change in Airline 1 Revenue from No Segmentation with Varied Identification Rates and
Industry Average Identification Rate of 80% on a Business Passenger-Oriented Ancillary
Figure 4.4.24 shows the revenue changes of all airlines in the network. A similar downward
trend in other airlines' revenue to that seen in Figure 4.4.17 can be observed for the same reason:
as airline 1 gains revenue when erroneously offering discounts to business passengers, the other
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airlines lose high-revenue business demand to airline 1. As a result, their total revenue falls when
airline l's identification rate is decreased.
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Summary and Implications for Airlines
In summary, with decreasing identification accuracy and in an asymmetrical environment,
the revenues of all airlines move towards the unsegmented pricing base. Interestingly, none of the
three tested cases show decreasing total revenue for airline 1 with lower identification rates. This
finding indirectly supports the previous finding that segmented ancillary price is purely a pricing
game: as long as an airline offers discounts to some passengers asymmetrically, it gains revenue
in general even if many mistakes are made in identifying the targeted passengers. Efforts made by
an airline to improve identification rates do not seem to improve its revenue performance; instead,
with higher-than-industry performances other airlines see gains in revenue.
However, the fast pace of technological advancement might undermine the assumption of
asymmetrical use of segmented ancillary pricing, as other airlines might also be equipped with this
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technology. Even before possessing this capability, they might take other actions to fight back.
These potential competitive responses and their impacts are investigated in the next section.

4.4.4. Possible Competitive Responses from Other Airlines
If an airline is suffering from revenue losses caused by another airline's asymmetrical
application of segmented ancillary pricing, and does not have the same capability to match the
action, the former airline may actively search for methods to regain its traffic and revenue.
Accordingly, this section of the thesis is devoted to testing potential competitive responses from
other airlines and examining the revenue impacts of those responses.
Since it has been made clear in previous sections that the primary benefit of segmented
asymmetric ancillary pricing is the additional traffic attracted by the lowered ancillary prices, other
airlines can fight back by matching the ancillary price to eliminate imbalances in pricing. However,
if the other airlines lack the technology to segment ancillary price then they cannot match the price
segmented by passenger type, but can only offer the lower price for both passenger types at the
same time.
In this set of experiments the revenue impacts of one airline (airline 2) match the segmented
ancillary price offered by airline 1 (labeled "AL2 Action"), and all other airlines matching the
price (labeled as "All Action") are measured from a baseline at which AL 1 does not apply ancillary
price segmentation, and another baseline at which airline 1 begins ancillary price segmentation but
has received no competitive feedback. The ancillary service to be tested is assumed to be a business
passenger-oriented ancillary. The experimental parameters are summarized in Table 4.4.6.
Table 4.4.6. Ancillary Prices Offered by All Airlines in Various Cases to be Tested
ALl
AL2
AL3

AL4

Bas

INo Response AL2 Action ALL Action

$50/$50
$50/$50
$50/$50
$50/$50

$62.5/$37.5
$37.5/$37.5
$50/$50
$501$50

$50/$50
$501$50
$50/$50
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$37.5/$37.5
$37.5/$37.5
$37.5/$37.5

Figure 4.4.25 shows the changes in airline 1 ticket, ancillary and total revenues when airline
2 and all airlines match the lower ancillary prices of airline 1. From the graph, it can be observed
that even if only one airline matches the lower ancillary price of airline 1, the revenue gain
witnessed by airline 1 plummets from 3.45% to 0.40%. When all airlines match the lower price,
airline 1-which still applies the ancillary segmented pricing and offers the ancillary service at a
premium to business passengers-suffers a 2.75% total revenue loss due to the loss of business
traffic and revenue to the other airlines.
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Figure4.4.25. Airline I Ticket, Ancillary and Total Revenue Changes from the Base when Airline 2 and
All Airlines Match Airline 1's Lower Offered Ancillary Price
Figure 4.4.26 shows the total revenue changes for all airlines. Airline 2 receives a 6.32%
revenue gain when it is the only airline offering the lower ancillary price for both passenger types.
In that case, airline 1 still offers a higher price to business passengers and only receives a 0.4%
revenue gain from the base. Other airlines suffer greater losses, with the simulated LCC airline 3
suffering a loss of 5.30% of total revenue as its leisure passengers are diverted to airlines 1 and 2.
When all other airlines match the lower ancillary price, all other airlines receive significant
revenue gains at the expense of airline 1, which still charges a higher ancillary price to business
passengers. In this case other airlines receive 3-4% revenue gains, while airline 1 suffers a 2.73%
fall in revenue due to the loss of business passengers.
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Figure4.4.27. Load Factors of All Airlines in Various Cases when Airline 2 and All Airlines Match
Airline 1's Lower Offered Ancillary Price

Figure 4.4.27 shows the load factors of all airlines in the tested cases, and explains the
changes in revenue caused by the changes in passenger mix. In the case of no response, airline 1
discounts prices for leisure passengers and therefore attracts many leisure passengers from the
other airlines, as evidenced by the increase in airline l's load factor from 83.46% to 87.77% and
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the decrease in other airlines' load factors. In the airline 2 action case, since airline 2 discounts for
and attracts both passenger types it achieves even higher revenue gains, even with a lower load
factor than that of airline 1 in the no response case. Other airlines suffer even lower load factors
than the no response case. In the last case, where all other airlines match the lower price, other
airlines observe slight load factor increases at the expense of airline 1, due to the diversion of
business passengers from airline 1 to other airlines. Figure 4.4.28 shows the changes in the number
of passengers carried by passenger type and further confirms this reasoning.
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Figure 4.4.28. Number of Carried Passengers by Passenger Type when Airline 2 and All Airlines Match
Airline l's Lower Offered Ancillary Price

Summary and Implications for Airlines
In summary, the impacts of potential competitive responses under PODS simulation
assumptions have been investigated in this section. It is worth noting that these simulations
replicate the addition of new ancillary services rather than the unbundling of ancillary services that
used to be provided with the base fare, since the disutilities of not receiving the ancillary service
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are not deducted from the fare class restrictions, and the ticket prices are the same regardless of
whether or not the ancillary service is offered.
From the conducted tests it can be deduced that other airlines are not left hopeless when a
competitor is able to start ancillary price segmentation first. Since the benefits of segmented
pricing lie in the asymmetrical discounting of ancillary prices for passengers, other airlines can
regain their market shares and revenue shares by lowering the ancillary price for both passenger
types. By doing so, other airlines can receive even higher revenues at the expense of the airline
that first started price segmentation.
However, all of the conducted tests assume complete transparency in ancillary pricing.
With the future potential capability for personalized offers enabled by their new distribution
capacity, airlines will be able to offer personalized prices directly to the consumer without
publishing any quote information. Then airlines might be unable to receive complete information
on competitors' ancillary service pricing. In these cases, the feasibility of matching a lower, or the
lowest, ancillary price, is undermined. If an airline offers an extremely low ancillary price to a tiny
percentage of its total passengers, its ancillary and total revenues would not be considerably
impacted. If other airlines were to match an extremely low price for all passengers, they might lose
the majority of revenue from this ancillary service. This loss of ancillary revenue might not always
lead to serious consequences for an airline-for example, JetBlue and Southwest Airlines do not
charge for Wi-Fi and checked bags respectively, and are using these free ancillary services as
marketing tools. As a result, the competitive landscape in the future of ancillary pricing requires
more case-based competitor-aware investigation, or even ancillary- and competitor-aware revenue
management optimizers. With full transparency of ancillary pricing schemes, the market might
remain at a dynamic equilibrium where most airlines match each other's ancillary prices.

4.5.

Summary
In this chapter many aspects of airline ancillary purchases are investigated. First, the

revenue impacts of two assumed behaviors, sequential and simultaneous, are studied. When
sequential passengers are not informed of ancillary information until they make their path or fare
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class decisions, their ticket decisions are not affected by changes in ancillary offerings and prices.
In contrast, simultaneous passengers are fully informed and rational; as a result, changes in
ancillary offering and prices might lead to significant changes in both ticket and ancillary revenues.
In practice, Airlines would have to evaluate their mix of the two passenger types and to determine
reasonable expectations of the impacts of the tests conducted with 100% of either passenger type.
Furthermore, it was also found and supported by many pieces of evidence that the
asymmetrical use of segmented ancillary pricing is primarily a pricing game. Here an airline can
offer discounts to some passengers in order to leverage the small discount on ancillary revenues in
exchange for huge gains in traffic and associated ticket revenues. However, if the price applies to
a passenger type that is more price sensitive and comprises the majority of the passengers, the
airline applying the ancillary price segmentation might be hurt by losing these passengers to its
competitors. If the ancillary prices of airlines are transparent and matchable, it can be tested that
other airlines are able to regain and even increase their revenues by matching the lower ancillary
price offered by the airline that initiated this asymmetrical use of ancillary price segmentation. If
the ancillary pricing is not transparent, however, then the competitive landscape could be further
complicated.
The symmetrical use of ancillary price segmentation does not significantly affect ticket
revenue, load factor or yield. In those cases, total revenue changes are driven by the changes in
ancillary revenues, which are the result of the price offered and the quantity sold. Since the price
and quantity are interdependent, an optimization process might be required by airlines.
Nevertheless, changes in one airline's ancillary price would likely lead to the matching of other
airlines. As a result, a dynamic equilibrium situation could result in the market.
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Chapter 5

Conclusion

As ancillary services contribute increasingly to total revenues, airlines are paying greater
attention to ancillary services and their impacts in competitive landscapes. This chapter presents a
summary of the findings and simulation results of this thesis. Additionally, managerial
implications and suggestions to airlines in terms of ancillary service offerings and pricing are also
provided.

5.1.

Research Findings
Research in this thesis was performed using both qualitative evaluations and quantitative

simulations. In Chapter 1, the evolutionary history of airline ancillary services globally and in the
US was explained. Ancillary services, including those unbundled from base fares and those added
as new services, are contributing more and more to airlines' cash flows for both (Ultra) Low-Cost
Carriers (ULCCs/LCCs) and Network Legacy Carriers (NLCs). As evaluated by IdeaWorks
(2017), airlines around the world collected $82.2 in ancillary revenue, contributing to 10.6% of all
revenues received by the industry. Some leading airlines, such as Spirit Airlines, collected 46.6%
of ancillary revenues as part of their total revenues (IdeaWorks, 2018b). Although customer
criticisms and concerns from legislators often arise, this sometimes-negative feedback seems not
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to have slowed down the growth of ancillary services. With the proliferation of ancillary types and
qualities, these services are clearly becoming ever more important for airlines around the globe in
terms of revenue contribution.
Chapters 2 and 3 provided a brief literature review and introduction to previous airline
Revenue Management (RM) and ancillary service models. Chapter 2 provided background
information on all RM methods used in the simulations and on current knowledge about ancillary
services. Chapter 3 discussed different current passenger ancillary purchasing behaviors, including
sequential and simultaneous behaviors suggested by Bockelie (2019), and presented examples of
how those behaviors can potentially affect passengers' choices regarding ancillary services, or
even regarding itinerary/fare class options. To be more specific, it is assumed that a sequential
passenger is not informed of his or her ancillary service options until the passenger makes his or
her itinerary/fare class decisions. After making the decision, the passenger would purchase the
ancillary service as long as the passenger values the discomfort of not receiving that service more
highly than the price with an unlimited budget. As a result, the introduction of or changes to
ancillary services does not influence the ticket fare decisions of the passenger. However, the
opposite is true for the simultaneous passenger; they are well-informed and assumed to be rational,
so that the introduction of or changes to ancillary services do affect their decisions on itinerary/fare
class. In our test cases, it was found that some simultaneous passengers buy down fare classes or
book with another airline in order to purchase an ancillary service when the service appeals more
to the passenger.
In Chapter 4, the setups and results of the sensitivity tests were presented under the
framework of Passenger Origin Destination Simulator (PODS). PODS is a simulation environment
that generates passenger travel demand in a competitive airline market. Each passenger is
generated with their own characteristics, like budget, trip purpose, desired travel time, fare class
restriction disutilities, and so on. Each airline in PODS has its own RM system that makes
independent decisions on whether to accept or reject travel demand. In addition, different RM
systems can be applied to each of the airlines to simulate the competitive nature of the airline
industry.
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In this chapter, many combinations of factors that could potentially influence the RM
performance brought by ancillary services were tested. The first factor is the decisions made by an
airline regarding the attractiveness of the ancillary and the pricing. The attractiveness of an
ancillary service is modeled as the disutility of not receiving an ancillary service. If the ancillary
service attracts passengers differently according to their trip purpose, it is called an ancillary
service with differentiated disutility. Meanwhile, if the airline charges differently for passengers
with different trip purpose, this is called an ancillary service with price segmentation. The second
factor is passenger ancillary purchasing behavior. As discussed in the previous paragraphs, this
includes two models describing how a passenger decides to purchase air tickets given the presence
of ancillary services. The third factor is the market environment. An airline may have the
technological advantage to be the first mover, and may apply ancillary disutility differentiation
and price segmentation asymmetrically first. Subsequently, other airlines may then have the
technologies to apply this symmetrically. The final factor taken into consideration is the accuracy
rate of identifying a passenger's trip purpose. If an airline initiates disutility differentiation or price
segmentation, their performance on correctly identifying the trip purpose of the passenger and the
revenue impacts that result if the airline performs better or worse can also be considered.
In these tests, we found that the decisions on path/fare class options made by sequential
passengers, who are only informed about their ancillary options after they make their path/fare
class decisions and who also have unlimited budgets for ancillary services, are not affected by the
ancillary offerings or their quality. Simultaneous passengers, who are fully informed about their
ancillary options and who have only a single budget for both air tickets and ancillary services,
could be significantly influenced when the qualities and prices of an ancillary service are changed.
Previous tests demonstrated that at an extreme ancillary pricing of $300, the ancillary service
purchase rate for simultaneous leisure passengers dropped to 7.95%; whereas the percentage for
sequential leisure passengers remains at 50%. When an ancillary service is offered with a higher
quality or with a lowered price, it will be more attractive to a passenger. A simultaneous passenger,
who has a single budget for the ticket and ancillary services, might try to spend less on air ticketsor to purchase a cheaper fare class-to leave space in his or her budget for the now more appealing
ancillary service.
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Generally speaking, the application of segmented ancillary pricing in asymmetrical
competitive environments by one airline is typically a pricing game in which the segmenting
airline sees revenue gains as high as 3.45%, at the expense of other airlines. Of the 3.45% total
revenue gains, the majority originate from the additional ticket revenues brought by the attracted
leisure passengers, who are offered cheaper ancillary service prices than by other airlines. In
symmetrical environments in which segmented ancillary pricing is applied by all airlines, however,
it only significantly influences the purchasing decisions of passengers regarding ancillary services.
On a business passenger- or leisure passenger-oriented ancillary and with 25% changes in ancillary
prices, symmetrical application of segmented pricing only provides less than 1% gain in total
revenues for all airlines. In the case with a business passenger-oriented ancillary service, a -0.02%
drop in ticket revenue is observed; yet a 19.56% increase in ancillary revenue led to a 0.95% gain
in total revenue for one of the four airlines in the network.
As supported by the revenue results shown in the previous paragraph and the previous
chapter, the asymmetrical competitive use of segmented ancillary pricing, especially when
discounting the ancillary price for one passenger type, makes the airline much more attractive in
terms of pricing for simultaneous passengers. The discounting of ancillary service prices decreases
the out of pocket costs of the path/fare class/ancillary option, yet does not affect the generalized
cost, or the sum of prices that a passenger pays and the hypothetical discomfort that a passenger
suffers associated with the purchased fare class. This could include not being able to change the
flight. As a result, a simultaneous passenger has a higher likelihood of preferring one airline to
others due to this discount. Consequently, the airline loses a relatively small amount in ancillary
revenue but gains much more in ticket revenues. The other airlines, however, can fight back to
regain or capture greater revenues in such cases by providing the discount for all of their
passengers-as argued, segmented ancillary pricing is largely a pricing game, so that other airlines
can easily escape from their disadvantaged positions by taking part. In our simulation, the total
revenue benefit of the segmenting airline drops from 3.45% to 0.40% and -2.31% when one or all
of its three competitors lower their ancillary prices for all passenger types on an ancillary service
that does not differentiate disutilities by passenger type as shown in Figure 4.4.26.
The impacts of correctly identifying passenger type, also known as identification accuracy,
for the purpose of price segmentation are complicated yet interesting. In the cases tested in this
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thesis, decreases in the identification accuracy of a segmenting airline when it is the only airline
to do so can lead to both decreases and increases in total revenue. For an ancillary service that is
undifferentiated in terms of disutilities to passengers of different types, the gain in total revenue
falls from 3.45% to 1.97% when the identification accuracy dropped from 100% to 60%; the
percentage remains approximately constant at about 1.36% for a business passenger-oriented
ancillary service and increases from -1.96% to .1.35% for a leisure passenger-oriented ancillary
service compared with the no segmentation baseline.
To explain, asymmetrical uses of segmented ancillary pricing attract passengers of a type
that is discounted compared with other airlines, and expel passengers that the airline charges a
premium on the ancillary service. Misidentifying passenger type leads to erroneously offering
discounts to some passengers who could potentially pay more, and erroneously charging premiums
for other passengers who potentially could not afford the ancillary service at the increased price.
Depending on whether the misidentified passengers have a larger population of their passenger
type and if the passengers have greater willingness-to-pay, the impacts on the airline using
segmented ancillary pricing and on other airlines vary. In symmetrical environments, however,
since all airlines are charging the same for the ancillary service and provide the ancillary at the
same quality, the application of segmented ancillary pricing introduces no significant changes,
neither on inter-airline diversions of passengers nor on ticket revenues of the airlines. The ancillary
revenues are impacted according to the changes in ancillary service purchase rates and the prices
of the ancillary service. Increasing the quality of an ancillary service and decreasing the price for
the service increases the ancillary service purchase rate. However, if the decrease in ancillary
service price is more significant than the increase in ancillary purchase rate, the overall changes in
ancillary revenues are negative.

5.2.

Implications and Applications to the Industry
With the future possibility of differentiating passengers' ancillary disutilities and

segmenting ancillary prices by passenger type, or even personalized offerings under the
frameworks of New Distribution Capability (NDC), airlines might be able to further use the pricing
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of ancillary as a tool to increase their total revenues. Some of the tests in the thesis showed
significant gains in total revenue-for example, a 3.45% gain in section 4.3.2. When one airline
asymmetrically starts ancillary price segmentation to increase the ancillary price for a business
passenger but decreases the price for leisure passengers on an undifferentiated ancillary, it should
bear in mind that the competitive nature of this industry is likely to undermine asymmetric revenue
gains. As shown in section 4.4.4. , other airlines can, in fact, overturn their disadvantaged situations
completely and even hurt the price-segmenting airline by matching their ancillary prices with that
of the lower price offered by the price-segmenting airline.
As a result, being the first to apply these new capabilities, such as segmented ancillary
pricing, might be less important than developing a well-rounded competitive strategy involving
responses to other airlines that start to offer different ancillary prices, especially discounts, to
different passenger types. A number of questions can then can be raised. If an airline decides to
match a discount on the ancillary service price while not all competitors have yet matched, how
much revenue would it lose from the ancillary revenues and gain from the diverted traffic of the
non-matching competitors? When all airlines start to discount the ancillary, how much revenue
loss could the airline sustain, since it has stopped gaining from the diverted traffic and is simply
losing the discounted ancillary revenue? If it decides not to match the discount, what percentage
of traffic and revenue would it be losing to the airlines that had started ancillary price
segmentation? Would the airline able to sustain that loss in traffic and revenue in the long-term?
These questions should be evaluated by airlines that are planning to apply these new ancillary
capabilities and even those who plan not to. As suppliers of the mostly commodity service of air
transportation, airlines should plan more regarding the competitive landscape than their own
revenue maximization in terms of pricing.
Nevertheless, optimizing an airline's own ancillary and total revenue should not be
ignored. Paying attention to competitors' actions does not refute the need for internal optimization.
Currently, symmetrically changing the disutility and pricing still leads to revenue-positive results
in many of the tested cases. In the future, with the development of ancillary-aware or even
competitor-aware RM systems, airlines might be able to robustly make decisions on ancillary
prices given the current remaining capacity and competitor's offerings in real time. These
competitor-aware revenue systems, however, must rely on price transparency from the
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competitors, which might not be guaranteed with the NDC and personalized offers. With these
new technologies, airlines will be able to offer individual personalized offers and prices without
publishing a fare structure or price chart in advance, making the understanding of a competitor's
pricing scheme or strategy extremely hard, or even impossible. As a result, airlines might wish to
plan ahead on their strategies when a competitor's pricing is not available, rather than solely
emphasizing the development of more advanced RM techniques.
With the implementation of NDC on the horizon, ancillary services might be easier to sell.
To maximize its total revenue, an airline has to consider both internal factors such as passenger
characteristics and external factors such as competition. Hence, NDC could be a double-edged
sword for airlines: it is possible for airlines to leverage ancillary pricing for total revenue
improvements, yet the possible opacity in pricing might hinder airlines from optimizing their offers
in competitive markets. With the interactions between the characteristics of ancillary services and
path/fare class options introduced in this thesis, airlines need to develop strategic plans for their
future ancillary services with consideration of their competitive stances and their passengers'
characteristics in order to increase their ancillary and total revenue robustly and smoothly in the
long term.
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