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Abstract

Charter vs. Scheduled Airlines
by
Gautam Gupta
Doctor ofPhilosophy in Engineering Civil and Environmental Engineering
University of California, Berkeley

Professor Mark Hansen, Chair

Scheduled airlines cause delays to passengers due to compromises with the .schedule
Poor service to the pertinent region cagplwith high passenger value of time may
warrant the use of a nestheduled airline, particularly the use of a charter airline by a
group of passengers. Recent advances in communication technology coupled with recent
introduction of very light jet aircraftould further fuel the use of charter service.

The entry of such a nescheduled airline would result in a price and/or frequency
competition with existing servic&urther, the competition would be at the network level.
This research analyzes the competi between the charter service and scheduled service,
and develops a model for charter strategic planning in light of such competition.

To analyze competitignve consider a market composed of individual and group
passengers. Theharter servicecompetes by setting prices faarious groupsand
scheduled service sets the price and frequedsing simple forms of demand and cost
models, we analyze different scenarios of change in price and frequency for a

simultaneous equilibrium and leadetlower equilibrium The analysis is over a



generalized setting of various groups with varying sizes and value offtireeanalytical
expressions are followed by a numerical treatment for a variety of cases, and the results
show that charter is successful whde group sizes are latgand the entry of charter
service benefits both the individual and group passengers.

We develop a mixed integer linear program for charter strategic planning over a
network. In light of competition with the scheduled service, ttodel selects the most
profitable or beneficial groumovements over a network, and assigns a limited charter
fleet to them. The scheduling of charter granpvements is done over continuous and
penalized time windows. The computational aspects of théemare testecnd the
solution time is reasonable for raembrld problems The modelis used to explore the
benefits of a charter service to student athlete traMed¢ time savings are substantial

with little change in dollar cost of travel.

Mark Hansen, Chair



Introduction

Scheduled airlines are public transport systems whose business model is based on
common carriage, published schedules, and published (if dynamic) Barélseir very

definition, theseairlines cause delays to passengers. Besides the delays associated with
deviation from schedule, very often the desired departure time for the passenger does not
coincide with the departure time of scheduled airlines, and the passenger is forced to
compramise with the existing schedule. Such delays become even more prominent when

the frequency of service between the desired origin destination pair i tv.value of

delay is sufficiently high for the passengers, it may warrant the introduction-of un
schedul ed service. There are instances whe
sufficiently high (executive travelers), and passengers flying in groups would definitely

have a higher value of delay due to accumulatidith advances in communication
technology, regional jets (RJO6s) and the i
demando air travel c o0 Rdcehtly bhere lzave beew dtudiesaob | e e
certain models of odemand air travel, for example diaflight service Eginoza et al

2008a, 2008b).



The entry of such edemand service in any market would result in price and/or
frequency competition with scheduled service. Further, the competition would occur at a
network level. The goal of this research isattalyze the ampetition between a charter
service and scheduled service, and to analyze the subsequent effect on charter.planning
The difference between charter service and othedesnand services is that a single
passenger group uses the aircraft for a flight, aedetlis no grouping of passengers
based on origin and destination. A review of existing literature reveals that there has been
a lot of work in analyzing scheduled airline competition, scheduled and charter airline
operations, but there is no evidence ofrkv@in the open domain) on analyzing charter
and scheduled airline competition.

To motivate the problem further, the next section briefly describes the growth of
commercial aviation in US, and the role played bysaheduled airlines. Next, weview
existng scheduled airline service, indicating the opportunities for charter openaten.
then review existing literaturen alternative service concepts, particularly for charter and
group travel. At the end, we briefly describe the contents and structutdeofest of

document.

1.1 Brief History of Commercial Aviation in USA

1.1.1 Early History: The Regulation Era

Regularly scheduled air services were offered in the US for the first time in 1918. The
Post Office, through the development of airmail, waeadtly responsible for the
beginning of commercial air transportation. The first important act with regard to airlines,
the Airmail Act (also known as the Kelly Mail Act) was passed in 1925. It required that

4



award of airmail contract be made by competithidding, and provided subsidies for
commercial airmail. The aim was to encourage commercial aviation and to transfer
airmail operations to private carriers. As a result, the mail service mileage increased
rapidly. However, carriers concentrated on aitnsarvice, and were not particularly
interested in providing passenger services.

The Air Commerce Act, designed to encourage passenger service, was passed in
1926. It initiated the development of civil airways, navigational aids and provided for the
regubtion of safety by federal government. The underlying basis was the idea of having a
stable and viable airline industry.

The Airmail Act (McNaryWatres Act) was passed in 1930 in order to unify the
industry. It gave the Post Master General (PMG) wide irgngowers, like granting
contracts without competitive bidding. The mail payment rates were changed from
weightbased to volumdased rates. As a result, the airlines started acquiring larger
planes, giving a boost to passenger transportations. WaltewnBrithe then PMG,
initiated this act, and his four year tenure was marked by mergers and consolidation of
airlines. Most of the airlines of today emerged during this period. The Air Mail Act
(Black-McKeller Act) of 1934 reversed the contracting procedareampetitive bidding.

It also required the separation of airline carriers and aircraft manufacturers.

The airline industry was hit hard by the Great Depression. With the resumption of
competitive bidding, some airlines submitted very low bids. The incosheseveral
airlines fell dramatically. It was clear that airmail contract were not enough for survival,
so most of the airlines started developing their passenger traffic. By December 1936, the

income from passengers overtook the income from airmailcgar@inha,2001).



After a long legislative history, the Civil Aeronautics Act was passed in 1938. This
act, along with some administrative changes in 1940, established the Civil Aeronautics
Board (CAB) was as an independent agegeying it the responsibility of conducting the
following activities (Richmond, 1961):

e Control of entry of new carriers into the industry, and entry of existing carriers
into new or existing routes
e Control of exit by requiring approval of the Board befare c ar r i er 6 s aban
of service to a point or on the route
e Regulation of fares on every route
e Fix and award subsidies, control mergers and eliminate rate discrimination and
unfair competition, or unfair and deceptive practices in air transportation
The Civil Aeronautics Act had fareaching effects on the commercial aviation in the
USA. In most cases, only one or two airlines were allowed to serve a particular route.
Prices tended to be high and to increase over time, since CAB permitted increased costs
to be passed along in higher fares. This, coupled with the relative absence of competition,
acted as disincentives for airlines to seek out ways to reduce costs. Under regulation,
efforts were made to ensure that no airline ever went out of businessbilityet@ pass
on costs via high fares allowed inefficient work rules.

Initially, the nonscheduled airlines were exempted from having to obtain
certificates in 1938. At that time, the airlines were small with limited resources and the
opportunities for equiring loadcarrying transport aircraft were small. However, this
changed after World War Il. The cessation of hostilities released many surplus aircrafts

and thousands of aircrew, and since no operating certificate was needed for contract



services, manynew companies sprang up. As a result, in 1946 CAB modified the
exemption regulation of 1938, and required the-sdmeduled carriers to obtain a Letter

of Registration from the Board. Further, in 1948, the Board stopped issuing more Letters
of Registratim beyond the 142 listed at that time. It also ruled that-sutveduled
operations would be limited to eight to twelve flights per month between the same two
points. In 1949, regulations were further tightened by removing blanket exemption in
favor of indivMdual exemption Davies (1982) The norscheduled airlines made
significant contributions during times of national crisis. During the Berlin airlift between
July 1948 and August 1949, the Large Irregular Carriers moved 25 percent of the
passengers and 57 percent of the cargo tonnage. During the Korean War in the early
19506s, they flew 50 percent of the total
that the norscheduled air carriers were performing a useful service to thepabd that
henceforth they would be known as Supplemental Air Carriers. They were allowed
unlimited charter business, and regularly scheduled individual services up to a maximum
of ten oneway flights per month between any tywointsin the US (later onxdended to

foreign points). In 1962, Congress enacted Public LawsB¥ that terminated the
participation of Supplementals in individually ticketed service. Further, the Department
of Defense announced that in 1964 that for the fiscal year 1966, contragks be
granted only to carriers deriving 30 percent of their revenue from commercial sources.
Even though the growth of Supplemental Carriers was phenomenal 3&5t(revenues
doubled from 1962 in 1966 helped by the Vietnam airlift in 1965). Furthdheirate
19606s and early 197006s, a |l oophole in th

groups to charter commerci al aircraft to E



affinity groups to take advantage of the loophole and get rates below ¢thasged by
scheduled airlines. The CAB crackdown on such affinity groups was one of the many

precipitating factors leading to airline deregulation.

1.1.2 Deregulation and Beyond

In October 1974, CAB prepared a study of the domestic route systenipwamdl the
overall level of service was excessive in relation to demand. Various other studies
brought out the inefficiencies of regulationSitha, 2001) Further, the Ford
administration established a National Commission on RegylaRaform in 1974.
Various such factors led to the passing of the Airline Deregulation Act (ADA) on 24
October 1978, which phased out CAB controls on routes and pricing, and eventually the
CAB itself.

During the first 10 years of deregulation, the majoliras shifted from pointo-
point system to hulpokesystem. Hubbing led to increased service for those living in
hub cities, and also gave the people living at spokes access to large number of
destinations at the expense of a little pd@point servce. But growing congestion at the
major hub airports created opportunities for alternatives, and led to the return etbpoint
point model in the form of lovfare, nofrills airlines. Southwest airlines is probably the
biggest success story of this mod®id carved out a thriving niche for the petiotpoint
service model. Aggressive pricing also expanded the market.

Il n 1997, a new type of s mal | j et air i
entering into serviceThesewere 30 to 70 seat aircraft jaircraft (Poole and Butler,

1999), and became highly popular because of 2 reasons:



e |t was preferred to the small turboprop aircraft by the air travelers
e They had a low seatile cost for medium length routes, enabling them to support
a modest number of psengers.

The introduction of RJO0s -amsmkeasytenaasivellgse o u s
the pointto-point system. A RJ could serve as a feeder to a hub, enablingineguent
service to existing spokes, eaablddnewhnsarketsd di t i
for the pointto-point service. Consequently, the aircraft manufacturers estimated a large
mar ket for such RJOs. Fairchild Dornier es
30s eat PBolkdsd B(tler1999. But the carnage and uncertainty in the airline
i ndustry post Sept ember 11 had a t(fferemendo
example, Fairchild Dornier went bankrupt in April 2002).

With the recent introduction of the very light jet aircraft (VLJ);demand air taxi
service 1is becoming a reality. VLi-gilds ar e
operation, with a mamum takeoff weight of under 10,000 Ib. VLJs are intended to
have lower operating costs than conventional jets. A significant example of use of VLJ
for as cirhreodrul edo airline is DaylJdet (DayJet
demand air travel senacusing the Eclipse 500 jet, but has recently suspended operations
citing the current economic downturn.

Post deregulation, activity in the neoheduled sector has been dormant as
compared tothe prg er egul ation era of af fiewei,thg gr ou
introduction of new aircraft is definitely a factor that could lead to the revival of such
models. Yet another factor is the increased online social networking. The primary driving

force behind nonskeds in the gieregulation period was the foation of affinity groups



seeking to minimize travel cost by avoiding mandated scheduled airline prices. In the
postderegulation period, formation of affinity groups looking for reduced travel time
could be seeded by online networking. Further, charastsrisf existingscheduled
service, as described in the next section, bodes well for different service models in certain

regions.

1.2 Scheduled Airline Characteristics

Scheduled airlines are public transport systems whose business model is based on
comma carriage, published schedules, and published (if dynamic) fares. Airline
networks feature link economies of scale and stage length (H2896n Wei and
Hansen, 2001and firm level economies of scope that have led the predominant carriers
to establish ational or internationagcale networks featuring multiple hubs (Bania et al.,
1998; Gillen and Morrison, 2005). These networks afford excellent service for regions
served by hub airports but force passengers traveling in thinner markets to take
connectingservice. Such service was the only alternative available to 70 percent of O&D
markets in 2005 (Government Accounting Office, 2006). The same forces have led to
reduced service to smaller communities who, despite government subsidy, saw a 17
percent redu@n in flights between 2000 and 2005 (General Accounting Office, 2006).

In addition the low profit potential of small community services, stronger safety
regulation for commuter aircraft and increased {83%1 security requirements at smaller
airports hae also contributed to this trend (General Accounting Office, 2007). Such

trends point to the possibility of charter success in serving regional market groups, such

10



as college athletes (colleges and universities, for a variety of economic and historical
ressons, are often located in rural or seomal locations).

The recent emergence of low cost carriers, whose networks featuregpaiht
services rather than hubs (Gillen and Morrison, 2005), has done little to improve service
to such regions. Low costarriers often serve secondary airports, but ones that are
proximate to large urban areas. The pressure on yields resulting from low cost airlines
may have caused legacy airlines to cresissidize markets in which they face low cost
competition by raisindares in others. An analysis by the General Accountability Office
found that markets in the lowest of five passenger traffic volume categories were the only
ones that in which fares increased between 1998 and 2005. O&D markets in this lowest
traffic categry represent 85 percent of the total in which there is measurable traffic,
although they account for just 1/5 of the total passenger traffic volume (General

Accountability Office, 2006).

1.3 Alternative Service Concepts and Group Demand

While the deficiacies of scheduled airline service to amban areas have been studied

for some time, the potential of alternative service concepts to compete for this niche has
only recently received attention. Espinoza et al (2008a, 2008b), analyzegteion
demandservices using very light jets. This service is clearly targeted at individuals and
infeasible for group travel. Other studies do consider the special issues associated large
group air travel, but focus on pricing (Goel and Haghani, 2000) and yield magaigem

(Svrek, 1991) decisions of scheduled airlines.

11



Charter airline services have also been considered in previous work, but in applications
very different from the one considered here. Kim and Barnhardt (2005) consider use of a
charter to serve a marketafering dayto-day variation in GD travel demand consisting
of passengers with different levels of price sensitivity. Other studies examine pricing of
(Bishop and Thompson, 1992) and demand for (Karlaftis and Papastrvrou, 1998)
international charters, wth traditionally target priceonscious leisure travelers

traveling in group tours or individually.

The rise of new business models in aviation, introduction of new aircraft and
characteristics of existing scheduled service ptbadcase for analyzindgné competition
between an wscheduled or charter operator and a scheduled opefatstated before,
this competition could be in price and/or frequency. But @mnge in frequency would
have a cascading effect on operations over the network (in terflseb assignment,
routing, crew scheduling etc). This translates into increasing complexity with increasing
network size. Thus, based on network size, this research is divided into two parts: single
link modelsin chapter 2 and 3, and large network medelchapter 4 and 5.

In chapter 2, we develop models of competition between a charter and scheduled
airline. These models are generic and different scenarios are considered, and chapter 3
includes a numerical treatment of these models over a varisgttafgs. In chapter 4, we
develop a mixed integer program for charter strategic planning over a network, and
briefly discuss the computational aspects of this mixed integer program. We then

illustrate the model with a case study based on real data iteciap
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2.

Mathematical Models of Competition over
a Single Link

Our study addresses the competition between scheduled and chartersamlice, and

this form of competition that has not been considered previously. There is, however,
considerable literature on other forms of competition involving airlines. Most models
allocate demand between competing services using a random utility foakpemvwhich

utility is systematically related to fare, service frequency, flight time, and service
directness. Hansen (1990) develops a model for airline hub competition between hub
carriers with different hub airports as well as paaipoint carriersDobson and Lederer
(1993) address the problem of competitive choice of flight schedules and route prices by
airlines operating in a hub and spoke configuration, employing random utility models that
take into account travelers desired departure times. rA@601, 2005) models
competition involving hukandspoke networks and its implication for optimal network

design. Pels et al (1999) investigate airport and airline competition in a metropolitan area
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with multiple departure airports, Wei and Hansen 2@&)al yze an air | i
aircraft size and frequency in duopoly markets between city pairs, while Inzerilli and
JaraDiaz (1993) introduce a microeconomic approach to model and analyze the price
capacity combinations that maximize welfare in therapen of an airline facingnodal
competition (train, car etc) in the presence of a random total demand.

Other researchers employ models that allocate demand deterministically, based on
similar factors as the random utility models but building from aorasd distribution of
desired departure times and a resulting
arising from the difference between desired time and when a flight is available. Schipper
et al (2006) use this approach to model airline competiiora twestage game in
frequency and prices. Alderighi et al (2005) analyze network competition on a simplified
4-node network, identifying cases when a {auiatspoke system is preferred and over a
point-to-point system and vice versa. Borenstein and NE299) empirically assess the
role of schedule delay in airline competitive behavior by comparing flight schedule
differentiation using US airline departure times from 1976 (when the fares were
regulated) and 1986 (when fares were not regulatéefdrickset al. (1999) consider
monopoly and duopoly markets, and show that if carriers compete aggressively, e.g.
Bertrandlike behavior, one carrier operating a single 4pbke network is an
equilibrium outcome. Competing hgpoke networks are not an equiliori outcome,
although duopoly equilibrium in nelhub networks can exist. If carriers do not compete
aggressively, an equilibrium with competing hsfioke networks exists as long as the
number of cities is not too small. They provide conditions under wHickqailibrium

consiss of hub-spoke networks.
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Although airline competition has been extensively studied for the scheduled service
case, there is a lack of literature on charter and scheduled service competition. To this
end, we developathematical model®r the competition between a charter service (CS)
and a scheduled service (S8).the first section, weletail the various demand and cost
assumptions and the appropriate mathematical functiéde. also describethe
operational setypincluding arrivalof passengers and flight departure, akafine the
expected profit function for both CS and SS. These profit functions can be used to
analyze a variety of possible scenarigsler different models of competition, and in
section2.2 we describemodels of copetition andthe possible scenarios thate
analyzed, and comment on the complexity of analysis of each sce®aciinn2.3 gives
a mathematical description of the equilibrium for each scenario, dasdribesthe
properties of the equilibrium in each ca$ée detailed derivations of the mathematical

expressions for each scenario are provided in Appendix 2.

2.1 Assumptions and Profit Functions

2.1.1 Market Setting

We consider a market composed of individuasgengers and groups, where SS has a
monopoly on individual travel, and there is a duopoly for group travel with both SS and
CS offering flights to groups. Even though the competition is for group travel, any
changes in frequency by SS to accommodate tbepgtravel will have an effect on its
service for individual passengers. Further, the effect would depend on the relative size of
the individual passenger market and group passenger market. Thus, we include the
individual passengers in the analysis, aeattthem as consumers in a monopoly market.
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The SS flights depart at scheduled times (determined as a variable in competition),
whereas the CS flights depart at the group
passengers occupies each chartenfig, and t here is no fAassi mi
over a single flight, even when the desired departure times might be the same. The
variable that CS can alter (strategy spaserice alone (dependent on group size and
value of time), whereas for tI&S it is both price and frequency. The CS price is modeled
as a group price, whereas the SS price is modeled as an individual ticket price. Of course,
the SS ticket priceould bedifferent for individuals and groups (and different for groups
depending omgroup size and value of time), and scenarios with a single ticket price over
the entire market are examined by constraining the prices to be the same. In the models
presented here, we do not assume any capacity constraint on CS (in terms of number of
avalable aircraft)or on SS (in terms of seats available on a single SS flight). However,
the cost models incorporate the additional cost of operating a larger aircraft, and are

discussed in detalil later.

2.1.2 Cost functions

For both the CS and SS, we assua linear cost function, comprising of a fixed cost of
operating a flight, and a variable cost for each flight based on the number of passengers

in the flight. These cost functions can be used to approximate the cashof iel ast i c
aircraftbased on thaumber of passengers seryved be used to model the use of a single

aircraft size only, with the assumption that this aircraft is sufficiently large to serve any
potential increase in passengeend the variable cost reflect the cost of handling

passengrs The cost parameters used are as follows:
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Os is the variable cost of serving each additional passenger for SS

O, f Is the fixed cost of operating a scheduled flight
Ocy Is the variable cost of serving each additional passenger for CS
Ocf Is the fixed cost of operating a charter flight

2.1.3 Scheduled Service Frequency
The SS frequency in the market is a variable for competition.bié the time period of

studyandm be the number of SS flights during this time interval, then we assume that all
the scheduled service flights are equally spaced. Thus, the first scheduled flight in the
interval T is at timeT /2m, andsubsequently thers a scheduled flight after evefym

time. We callm the SS service frequendydividual passengeand thegroupschose the

SS flight which is closest to their desired departure time.

2.1.4 Individual and Group Demand

As stated before, individual demand is served by SS only. Wenasauinear variation

of individual demand with price, and an inverse relationship with service frequency
where an increase in service frequency would result in a higher demand. The functional

form for individual demandD,) is given below in equatiof®.1)

[0) 1 )
a_:Bps,O__: Ps,0 SE<OC—E),TR>O

Do(psorm) = m (2.1)
0, otherwise
where
Ds,0 is the ticket price for each individual
m Is the service frequency as defined before
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a,[,6 are nonnegative parameters
The group demand is modeled as a constant number of groupsifefastic) willing to
use either CS or SS as long as the price is below-dgfirged limit. If the price igreater
thanthis limit, the group demand is zero. The motivation behind usinga-ii tel ast i c 0
group demands to keep the problem tractable and to obtain analytical expressions of
equilibrium. Such analytical expressions are usefulinderstanding how competitive
equilibria depend odifferent demand and cost factoEszen with pice inelasticitythere
are some scenarios where explicit equilibrium expressions are not feasible, as
demonstrated in the following sections. The price limit for group demand is introduced to

avoid scenarios where an operator might charge an infinte for profit maximization.

We denote this price limifor groupj asp;, and assume that; = %, where% is the
individual price for zero demand at infinite frequenttyseems reasonable that group

demand would be zero at the same price thevidaial demand is zero at theoretically

infinite frequency.

Thus, if

J is the set of all types of groups in the market,/
n; is the number of groups of type

k; is the number of passengers in a group of fype
A is the dollar value of time of group of type

De,j is the price of flying CS for a group of typéper group)
Ds,j is the price of flying SS for a group of typéoer person)
dg is the schedule delay associated with using SS

is the additnal disutility of using SS service by grojifg; > 0)
18



then the group would chose CS over SS if

Pc,j — Ps,jkj — 6
A'jk;

Dej < psjkj + A jkjds + 6; or dg> (2.2

The paramete#; quantifies the additional difference in utility of using either the CS or

SS. Besides reduction in schedule delay, use of CS might have certain other advantages
over SS. These could be better access to the aircraft (less time spent in the terminal area),
quicker baggage check and baggage claim, or other factors that make CS more

fattractiveo t hanoiS&@ways\Weatesr squal tozero, tehfarthe t h e

same price and no schedule delay case, the utility of using BSs tharthe utility of

using CS.

2.1.5 Group Desired Departure Time and Service Choice

The schedule delay the group experiences from using SS is dependent on the desired
departure time of the group. The desired departure time needs to be modeled as a
probability distributon in order to analyze the equilibrium prices and frequency for the
competition. We assume that the desired departure time for the group is uniformly
distributed over the entire analysis perifd The assumption of uniformly distributed
desired departurgme leads to a simple piecewise linear function for the probability of a
group choosing CS over SS,damonstrated below.

Since a groupo6s o eanikely to éxactlyenmizithe departuret i me
time for the SS flight, we assume that the grahposes the SS flight closest to its
desired departure, and this flight could be either before or after. Given the uniformly

distributed desired departurgtoup prices being less tharys, the equally spaced SS
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flights and the expression for scheduldagievalues when CS is chosen over SS, the

probability of groug choosing to fly CS(WJ-) can be expressed as:

( 1 pc’]—ps’jk—GJSO
m(pc,; — ps,ik; = 6;) Ajk;
W =41 2k, 0<Pej=Psili =0 <=7 (23
Ajk;
L 0 Pe,j — Ps,jkj — 6} 27

where, to simplify the notation, we have defingd= ;T /2. It is clear that the interval

0<p.;—psjki—06; < % is where the choice probability (and thus the group market

share) idractional, and neither CS nor SS has a monopoly on the group. Let us call this

interval as the&eompetitive interval

2.1.6 Profit Functions

Based on the probability of choosing CS by grgudefined in equatior(2.3), the
expected profit functions for C8).) and SS () are givan in equationg2.4) and(2.5).

E(-Q-c) = z nj(pc,j — Ocf — ijC,V)VI/}

Z (2.4)

o)
E(-Qs) = (ps,O - Os,v) (a - ,Bps,() - E) + 2 njkj(ps,j - Os,v)(l - VV}) (2 5)
Jj€J :

— mOS'f

In equation(2.4), the profit from each group is multiplied by the proliabof the group
selecting CS over SS. This is summated over all the groups to get the expected CS profit.
In the expected SS pibfin equation(2.5), the first term represents the profit from

individuals, and is the product of profit from one individual and the delmahe second
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term is the profit from all groupsind includes the probability of selecting SS by a group

(1 —Ww;). The last term is the fixed cost of operating the flights by SS.

The variables or strategy space for CS is the price it charges for eacr(gggDJ,p
whereas the SS strategy space includes price for indiviﬂpg@, price for each group
(ps,;) and the frequency of flightén). Analysis of the behavior of the profiinctions

over the respective strategy spaces yields the following theorem:

Proposition 2.1: For any set of charter and scheduled variables, the following statements
are truefor the competitive interval (i.eif 0 < p.; — ps jk; — 6; < %)
(@)  The charter profit function is concave in charter pricegivenscheduled
prices and frequency
(b)  The scheduled profit function is concave in scheduled pritesh (
individual and group) for fixed frequen@nd charter prices, and is also concave

in schaluled frequency for fixed scheduled and charter prices.

Proof: The proof of the above statpdopositionis given in Appendix.

As a consequence g@roposition2.1, for the competitive interval there is a unigue
optimal CS price for every SS price and frequency, and there is a unique, optimal SS
price for every SS frequency and CS prid.course, the competitive interval is itself
defined as a function of prices and frequency, and coupled with the casesGfhere
market share might be zero or one, this does not yielelladefinedzone for uniqgueness

and optimality of prices. In the following section, we define various scenarios of

competition, and address the issue of the optimal prices on-bgasse basis
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In order to keep the profit functions noegative, we define some restrictions on
the prices and the frequency. These constraints are simply the fact that price has to be

greater than operating cost, and that frequency has to besgative:

ps,Or ps,j = Os,v (26)
pc‘j = OC,f + ijC’v (27)
m>1 (2.8)

The profit functions defined in equatio(&4) and(2.5) consist of a set of CS and
SS variables, and depending on the subset of these variables that the competitor changes,
different scenarios of market competition can be constructed and analyzed. However,
before we define these scenaribss important to define the model of competition itself.
We consider twalifferent models of competitionhe simultaneous game and the leader
follower game. The following sectiorgives details of he two models and the possible

scenarios considered fboth the models.

2.2 Models of Competition and Possible Scenarios

Utilizing the profit functions (developed in the previous sectimn)analyzing different

conditions requires some assumptions on the behavior of the competitors. In this section

we detail some of these assumptions. For all the models and scenarios, we assume
conditions ofcomplete informationi.e., each competitoérs ofifpfunction is completely

known to the rival(Gibbons 1992) Further, we assume that the competitors act
rationall vy, and pursue a course which max]

With these assumptions, two diffetemodels or games can be formulated based on the
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sequence of decision making by the play&dditionally, for each such model different
scenarios can be characterized based on which subset of the variables the players alter
(price and/or frequency). Inehfollowing subsections, we describe the two models and

the scenarios. This is followed by a description of equilibrium conditions for each case in

the next section.

2.2.1 Simultaneous Game and Leader-Follower Game

The aim behindinalyzingcompetition between CS and SS is to understand the long term
behavior of the competitors over different markets. Since scheduled airlines might have a
strong prior presence as a regional or even adost carrier, a key component in the
analysis is the exjuence of decision making.he outcomes are different whehe
competitors make decisions on price and/or frequency simultaneassggmpared to
when one player haadvantage over the other by being the first to dedideaddress
this, we use two different games or models of competition: simultangane and
leaderfollower game.

In the simultaneous game, the competitors make simultaneous decisions about their
variables to maximize their profit. Each player assumes ttie competitor will also
make a choice to maximize profit, and that choice will not change. This moglglilar
to the classical Cournot duopo(fibbons 1992) in some ways. W find the Nash
equilibrium (NE) where, given the copetitors strategy (price and/or frequency
combination), the player does not gain from changing their own strafieglyematically,
this model is solved by first finding eac

actions, and t lken ifoiasedeastfaspbisd fanctibrisnt er s
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In the leadeffollower gamethe players do not make decisions simultaneously. One
of the players, called thenarket leaderhas the advantage of acting first and the other
player(follower) responds to those gmts.The r easons for the mar ke
could be historical dominance, or even prior presence in the market. In our case, we
assume that SS is the market leader and CS is the follower. This seems reasonable in the
light of the fact that SS islso serving individuals in the market. The leattdlower
model is similar to the classical Stackelberg duog@ipbons1992) This model is a
two-step sequential model, where in the first step the leader acts in a way to masimize
profit, and in the next step the follower acts. Fundamental to this model is the assumption
of perfect informationwhich means that the players havetoqalate information of all
the prior steps in the game. This is in addition to the previous assangd complete
information Since this is a twstep model, we solve for the sgame perfect Nash
equilibrium (SPNE) in this case, where each stage NE itself. SPNE is a stronger
equilibrium concept for multiple stage models, and excludes the poksibt i es o f i
credi bl €Gibbohs1392) tMatllematically, this model is solved backwards, by
first evaluating the followerds best resp
response is then included inthald er 6 s profit function befor
thus, anticipates the actions of the follower and acts accordingly.

In the following subsection, we describe the various market scenarios. It should be
noted that the above two models are applicabkeach of these scenarios, and in section
2.3 we give the mathematical expressions of equilibrium for both the models for all the

scenarios.
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2.2.2 Scenarios of Competition

Il n a given demand and cost situatiodn, t hi
serviceo as actions in response to differe
different group prices, since CS charges a single group price based on group
characteristics. SS, however, has individual ticket price, group ticketspaind
frequency as variables. SS can change either all or a subset of these variables. Further, it
canchooseo have a single ticket price for the entire market. Based on which variables a
competitor changes, different scenarios can be defined as follows:
1) SS seres both individuals and groups, @Bsent
2) CS enters the market and compe&Sdoes not respond with any changes
3) SS changes prices in response to @&s not alter frequency; CSters price
reflecting SS changes
a) SS sets asingle, optimized ticket pr& for everyone (individuals and
groups), CSsetsoptimal prices based on group characteristics (size and
value of time)
b) SS sets separate, optimal prices for individuals and different groups, CS
sets optimal prices based on group characteristics
4) SS changesgroup and individual price as well as frequency, CS sets optimal
prices based on group characteristics
Besides the above mentioned, more scenarios can be constructed. One possibility is that
SS changes frequency but does not alteptlees andCS changes its prices accordingly.
This, howeverjs not a very realistic case since SS would find it easier to alter prices than

frequency. A scheduled airlinebés fleet i s
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in frequency would require accoumgi for all the cascading effects over the network.
Compard to this, changes in price can be restricted to a particular market. Thus, it seems
unreasonable that a competitor will try to optimizentigking relatively complex changes
while fixing prices thatre easier to change

In the four scenarios listed above, as meve from scenario one to fouhe
complexity of the problem increases since maximiats done over more variables.
This also represenisn increasing degree of competition between CS &88dSS will
consider responding to CS only if it CS posesuastantialchallenge Further, since
changing frequency is a much more involved decision as compared to changing prices,
SS will only do so if it sees that CS has captured a substantial poftioe market share.
Based on the same logic, scenario one to four represent a timeline of changes, with
scenario one occurring earlier and scenario four later. Again, since changing price is
Nfeasiero than frequency t hangefthe preg, and latsrp ons e

the frequency, if at all.

2.2.3 Interior Equilibrium and Stability

In the following section, we give analytical expressions for equilibrppnices and
frequencyfor the scenarios mentioned abovihe expressions are for a geried
setting of numerous groups with different value of time and group kizhould be
noted, however, that these expressiamesfor the competitive interval defined in equation
(2.3). Let us call thisnterior equilibrium When the priceand frequencyre outside the
competitive interval, either CS or SS has the complete market share for the particular

group. Given thenterior equilibrium expressionsconditions when either competitor has
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complete market sharare derived using the expressions in equati¢®.3). Thus,
identifying the interior equilibrium is the essential stepdé@terminingmarket share in
different scenarios.

The expressions for interior equilibriurre forthe four different scenarios listed
above for both models of competition (simultaneous game and {&didever game).
Along with presenting the interior equilibrium expressidos different scenarigswe
discuss their stability and uniquene¥8e also describehe cases where the resulting
equilibrium might not be an interior equilibrium, and discuss the stability and uniqueness

in such cases.

2.3 Analysis of Different Scenarios

2.3.1 Scenario 1: SS Serves Individuals and Groups, CS Absent

In this scenario, CSiabsent from the market and &8vesboth individuals and groups.
Thus, there is no competition and the two models of competition defined earlier are not
applicable here. However, SS sets a combination of profit maximizing price and
frequency, and we detmine this combination.

As stated before, group demand is inelastic to price as long as the price is below the
value p; = a/f . Also, frequency has no effect on group market share, since SS is the
only operator and groups cannot select a service lmaséaeir schedule delayhich is
linked to frequency. In such a case, SS would make the most profit by charging each
group their maximum prica(pj), and setting an optimal individual price and market

frequency by maximizing the first part of the profit function in equatidb), i.e.
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o)
E(-Qs) = (Ps,o - Os,v (0( - ﬁps,o - E) - mos,f (29)

However, this means that groups are being charged more than individual passengers,
since the resulting; , is less tharw/f, whereas the group priée p; = a/B. It seems
improbable that such a situation would persist, since the group passengérpcae t e n d 0
to be individuals and buy individual tickets rather than approaching the SS as a group. If
this is the case, the SS profit would be-sptimal. SS would fare better by charging a
single ticket price to all the passengers, individuals or graupt@base this single ticket

price as well as frequency on the entire market denfaundher, since; = %, SScannot

decide to forgo the individual market completely and set a ticket priceegteaha /g,
capturing groups (either all or some) arthiging them a high pric&hus SS would
either pick a price less thary 8 and an optimal frequency, or pick the pricg3 and set

the frequency as on#.p, be the SS ticket price set for both individuals and groups, then

this canberepresentethathematicallyas:

E(Q) = f(ps,m)
(

1) o4
(ps_os,v a_ﬁps_a'l'znjkj _mos,f ps<E
Je (2.10)
= a a
Z njkj (E — os',,) — MO s ps = E
J€J
a
L 0 Ds > E

In the second case in equati@iL0), the optimal frequency would be onederthe
assumption that there has to be at least one SS flight in the time hénmdysis of the
Hessian matripof the above expressidior the casep; < a/fB reveals that for generic

demand and cost parameters, fhefit function is not uniformly concay and hence
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there is no unique sdip,, m} that maximizes the profit, even when restricted to the
realistic case ofp; > o;,, and m > 0. Further, taking the first derivative dhis
expressionwith respect top, andm and solving for equilibrium fragency yields the

following cubic equation in equilibrium frequenéy*) whenp, < a /B :

zﬁos,f('rn*)3 —6|a _ﬁos,v +Zn}k} m* + 52 =0 (211)
Jj€J

Even though analytical solution methods exist for cubic equations, the expressions
obtained from such methods are very involved to yield any insights into the sign of the
solution itself. However, wecan identify the equilibrium price(p;) in terms of the

equilibrium frequency:

a

'E;

_ 1 é
ps = min ﬁ a+ fog, + ankj = (2.12

jeJ
It should be noted that for any frequency, there is a unique, optimal price as given by
equation(2.12).

The optimal profit, and the frequency and price that yield that profit, can be found
by maximizing the function in equatiof2.10). However, the expression in equation
(2.10) is nondifferentiable at p;, = a/B, and first-order conditions result in aubic
equationas shown in(2.11). This hinders the search for a closed form expression for
optimal SS profit, and optimal strategy as well (whether to set price kelgwor not).
However in numerical cases, the above expressions give sufffici@ormation to
generate candidate price and frequency combinations and compare these with boundary

values. We demonstrate this in the next chapter with examples.

29



2.3.2 Scenario 2: SS Monopolistic Behavior, Optimal CS Prices

This scenario can be regaddas the entry of CS in the market, W@l competing with
SS butSS not respondg The profit maximizing CS price for any group can be obtained

from the profit function in equatiof®.4), and the expression for optimal price is

P:,j =
Aik;
( kjoc,v + Oc¢,r (pSJ - OS,U)k}' < Vi — E—

m
213)
1 kild; ik " (

5 E(k]pS,] + # + kjoc,v + 61 + Oc,f) }/] _# < (ps,j - Os,v)kj < y] + #

Aik;
\ Ps,jk; + 6 (psj —0s0)kj 2y, +-L2

The first case isvhen CS does not fly that growt all, since at any price above the
operating cost, the SS price for the group is sufficiently small to overcome the
disadvantage from schedule deldye second case is where the market splits, with some
groups using CS and some using SS, and market gf@ar be evaluated from the
probability function in equatior2.3) as ¥, ;c; n;W;/n;. The last case is whell the

groups are serveldy CS, and the profit maximizing CS price in this case is the total cost
of flying SS for the group minus the schedule delay. This is the case where the SS prices

are sufficiently high for the group tthoose CS for any desired departure time.

2.3.3 Scenario 3(a).

In this case, SS does not alter its frequency and neither does it set special group
prices (special group prices could be given in the form of discountsatasl defore).

However, as a response to the entry of CSpag adjust the single ticket price charged
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