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Abstract 

 

Charter vs. Scheduled Airlines 

by 

Gautam Gupta 

Doctor of Philosophy in Engineering ï 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 coupled with high passenger value of time may 

warrant the use of a non-scheduled 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 aircraft could further fuel the use of charter service. 

The entry of such a non-scheduled airline would result in a price and/or frequency 

competition with existing service. Further, the competition would be at the network level. 

This research analyzes the competition between the charter service and scheduled service, 

and develops a model for charter strategic planning in light of such competition.  

To analyze competition, we consider a market composed of individual and group 

passengers. The charter service competes by setting prices for various groups, and 

scheduled service sets the price and frequency. Using simple forms of demand and cost 

models, we analyze different scenarios of change in price and frequency for a 

simultaneous equilibrium and leader-follower equilibrium. The analysis is over a 
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generalized setting of various groups with varying sizes and value of time. The analytical 

expressions are followed by a numerical treatment for a variety of cases, and the results 

show that charter is successful when the group sizes are large, and 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, the model selects the most 

profitable or beneficial group-movements over a network, and assigns a limited charter 

fleet to them. The scheduling of charter group-movements is done over continuous and 

penalized time windows. The computational aspects of the model are tested and the 

solution time is reasonable for real-world problems. The model is used to explore the 

benefits of a charter service to student athlete travel. The time savings are substantial 

with little change in dollar cost of travel. 

 

  

 

______________________________________ 

Mark Hansen, Chair 
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Scheduled airlines are public transport systems whose business model is based on 

common carriage, published schedules, and published (if dynamic) fares. By their very 

definition, these airlines 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 

compromise with the existing schedule. Such delays become even more prominent when 

the frequency of service between the desired origin destination pair is low. If the value of 

delay is sufficiently high for the passengers, it may warrant the introduction of un-

scheduled service. There are instances where individual passengerôs value of delay is 

sufficiently high (executive travelers), and passengers flying in groups would definitely 

have a higher value of delay due to accumulation. With advances in communication 

technology, regional jets (RJôs) and the introduction of the very light jets (VLJôs), ñon-

demandò air travel could be a profitable enterprise. Recently there have been studies on 

certain models of on-demand air travel, for example dial-a-flight service (Espinoza et al 

2008a, 2008b). 



4 
 

The entry of such on-demand 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 is to analyze the competition between a charter 

service and scheduled service, and to analyze the subsequent effect on charter planning. 

The difference between charter service and other on-demand services is that a single 

passenger group uses the aircraft for a flight, and there is 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 of work (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 by un-scheduled airlines. Next, we review 

existing scheduled airline service, indicating the opportunities for charter operation. We 

then review existing literature on alternative service concepts, particularly for charter and 

group travel. At the end, we briefly describe the contents and structure of the rest of 

document.    

 

Regularly scheduled air services were offered in the US for the first time in 1918. The 

Post Office, through the development of airmail, was directly 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 
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award of airmail contract be made by competitive bidding, 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 airmail service, 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 

regulation of safety by federal government. The underlying basis was the idea of having a 

stable and viable airline industry.  

The Airmail Act (McNary-Watres Act) was passed in 1930 in order to unify the 

industry. It gave the Post Master General (PMG) wide ranging powers, like granting 

contracts without competitive bidding. The mail payment rates were changed from 

weight-based to volume-based rates. As a result, the airlines started acquiring larger 

planes, giving a boost to passenger transportations. Walter Brown, the 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 procedure to competitive 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 incomes of several 

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 airmail services (Sinha, 2001).  
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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 agency, giving it the responsibility of conducting the 

following activities (Richmond, 1961): 

 Control of entry of new carriers into the industry, and entry of existing carriers 

into new or existing routes 

 Control of exit by requiring approval of the Board before a carrierôs abandonment 

of service to a point or on the route 

 Regulation of fares on every route 

 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 far-reaching 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 business. The ability to pass 

on costs via high fares allowed inefficient work rules.  

Initially, the non-scheduled airlines were exempted from having to obtain 

certificates in 1938. At that time, the airlines were small with limited resources and the 

opportunities for acquiring load-carrying transport aircraft were small. However, this 

changed after World War II. The cessation of hostilities released many surplus aircrafts 

and thousands of aircrew, and since no operating certificate was needed for contract 
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services, many new companies sprang up. As a result, in 1946 CAB modified the 

exemption regulation of 1938, and required the non-scheduled carriers to obtain a Letter 

of Registration from the Board. Further, in 1948, the Board stopped issuing more Letters 

of Registration beyond the 142 listed at that time. It also ruled that non-scheduled 

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 individual exemption (Davies (1982)). The non-scheduled 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 

1950ôs, they flew 50 percent of the total commercial airlift. In 1955, the Board concluded 

that the non-scheduled air carriers were performing a useful service to the public, and 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 one-way flights per month between any two points in the US (later on extended to 

foreign points). In 1962, Congress enacted Public Law 87-528 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, contracts would be 

granted only to carriers deriving 30 percent of their revenue from commercial sources. 

Even though the growth of Supplemental Carriers was phenomenal post-1962 (revenues 

doubled from 1962 in 1966 helped by the Vietnam airlift in 1965). Further, in the late 

1960ôs and early 1970ôs, a loophole in the Supplemental regulations allowed affinity 

groups to charter commercial aircraft to Europe. This led to formation of many ñphonyò 
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affinity groups to take advantage of the loophole and get rates below those charged by 

scheduled airlines. The CAB crackdown on such affinity groups was one of the many 

precipitating factors leading to airline deregulation.  

 

In October 1974, CAB prepared a study of the domestic route system, and found the 

overall level of service was excessive in relation to demand. Various other studies 

brought out the inefficiencies of regulation (Sinha, 2001). Further, the Ford 

administration established a National Commission on Regulatory Reform 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 major airlines shifted from point-to-

point system to hub-spoke-system. 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 point-to-point service. But growing congestion at the 

major hub airports created opportunities for alternatives, and led to the return of point-to-

point model in the form of low-fare, no-frills airlines. Southwest airlines is probably the 

biggest success story of this model, and carved out a thriving niche for the point-to-point 

service model. Aggressive pricing also expanded the market.  

In 1997, a new type of small jet airliner, called the ñregional jetò (RJ) began 

entering into service. These were 30 to 70 seat aircraft jet aircraft (Poole and Butler, 

1999), and became highly popular because of 2 reasons: 
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 It was preferred to the small turboprop aircraft by the air travelers 

 They had a low seat-mile cost for medium length routes, enabling them to support 

a modest number of passengers. 

The introduction of RJôs was advantageous for both the hub-and-spoke system as well as 

the point-to-point system. A RJ could serve as a feeder to a hub, enabling more-frequent 

service to existing spokes, and the addition to new spokes. RJôs also enabled new markets 

for the point-to-point service. Consequently, the aircraft manufacturers estimated a large 

market for such RJôs. Fairchild Dornier estimated an additional US market for over 400 

30-seat RJôs (Poole and Butler, 1999). But the carnage and uncertainty in the airline 

industry post September 11 had a tremendous effect on the ñRJ boomò as well (for 

example, Fairchild Dornier went bankrupt in April 2002).  

With the recent introduction of the very light jet aircraft (VLJ), on-demand air taxi 

service is becoming a reality. VLJôs are small jet aircraft approved for single-pilot 

operation, with a maximum take-off weight of under 10,000 lb. VLJs are intended to 

have lower operating costs than conventional jets. A significant example of use of VLJ 

for a ñnon-scheduledò airline is DayJet (DayJet, 2008), which planned to offer on-

demand air travel service using the Eclipse 500 jet, but has recently suspended operations 

citing the current economic downturn. 

Post deregulation, activity in the non-scheduled sector has been dormant as 

compared to the pre-deregulation era of affinity groups and ñnonskedsò. However, the 

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 pre-deregulation period was the formation of affinity groups 
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seeking to minimize travel cost by avoiding mandated scheduled airline prices. In the 

post-deregulation period, formation of affinity groups looking for reduced travel time 

could be seeded by online networking. Further, characteristics of existing scheduled 

service, as described in the next section, bodes well for different service models in certain 

regions.  

 

Scheduled airlines are public transport systems whose business model is based on 

common carriage, published schedules, and published (if dynamic) fares. Airline 

networks feature link economies of scale and stage length (Hansen,1990; Wei and 

Hansen, 2001) and firm level economies of scope that have led the predominant carriers 

to establish national or international-scale 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 

connecting service. 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 reduction 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 post-9/11 security requirements at smaller 

airports have also contributed to this trend (General Accounting Office, 2007). Such 

trends point to the possibility of charter success in serving regional market groups, such 
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as college athletes (colleges and universities, for a variety of economic and historical 

reasons, are often located in rural or semi-rural locations). 

The recent emergence of low cost carriers, whose networks feature point-to-point 

services rather than hubs (Gillen and Morrison, 2005), has done little to improve service 

to such regions. Low cost carriers 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 cross-subsidize markets in which they face low cost 

competition by raising fares 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 category 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). 

 

While the deficiencies of scheduled airline service to non-urban 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), analyze per-seat, on-

demand services 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 management 

(Svrek, 1991) decisions of scheduled airlines. 
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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 market featuring day-to-day variation in O-D 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, which traditionally target price-conscious 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 plead the case for analyzing the competition 

between an un-scheduled or charter operator and a scheduled operator. As stated before, 

this competition could be in price and/or frequency. But any change in frequency would 

have a cascading effect on operations over the network (in terms of fleet 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 models in chapter 2 and 3, and large network models in chapter 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 variety of settings. 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 in chapter 5. 
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Our study addresses the competition between scheduled and charter airline service, 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 framework, in which 

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 point-to-point carriers. Dobson 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. Adler (2001, 2005) models 

competition involving hub-and-spoke 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 (2006) analyze an airlineôs choices of 

aircraft size and frequency in duopoly markets between city pairs, while Inzerilli and 

Jara-Diaz (1993) introduce a microeconomic approach to model and analyze the price-

capacity combinations that maximize welfare in the operation of an airline facing modal 

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 an assumed distribution of 

desired departure times and a resulting ñschedule delayò (Douglass and Miller, 1974) 

arising from the difference between desired time and when a flight is available. Schipper 

et al (2006) use this approach to model airline competition as a two-stage game in 

frequency and prices. Alderighi et al (2005) analyze network competition on a simplified 

4-node network, identifying cases when a hub-and-spoke system is preferred and over a 

point-to-point system and vice versa. Borenstein and Netz (1999) 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 regulated). Hendricks et al. (1999) consider 

monopoly and duopoly markets, and show that if carriers compete aggressively, e.g. 

Bertrand-like behavior, one carrier operating a single hub-spoke network is an 

equilibrium outcome. Competing hub-spoke networks are not an equilibrium outcome, 

although duopoly equilibrium in non-hub networks can exist. If carriers do not compete 

aggressively, an equilibrium with competing hub-spoke networks exists as long as the 

number of cities is not too small. They provide conditions under which all equilibrium 

consists 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 develop mathematical models for the competition between a charter service (CS) 

and a scheduled service (SS). In the first section, we detail the various demand and cost 

assumptions and the appropriate mathematical functions. We also describe the 

operational setup, including arrival of passengers and flight departure, and define the 

expected profit function for both CS and SS. These profit functions can be used to 

analyze a variety of possible scenarios under different models of competition, and in 

section 2.2 we describe models of competition and the possible scenarios that are 

analyzed, and comment on the complexity of analysis of each scenario. Section 2.3 gives 

a mathematical description of the equilibrium for each scenario, and describes the 

properties of the equilibrium in each case. The detailed derivations of the mathematical 

expressions for each scenario are provided in Appendix 2. 

 

We consider a market composed of individual passengers 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 the group travel 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, and treat them 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 groupôs discretion. We assume that only one group of 

passengers occupies each charter flight, and there is no ñassimilationò of multiple groups 

over a single flight, even when the desired departure times might be the same. The 

variable that CS can alter (strategy space) is price alone (dependent on group size and 

value of time), whereas for the SS 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 price could be different for individuals and groups (and different for groups 

depending on group 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 

available 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 detail later. 

 

For both the CS and SS, we assume a 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 cost of an ñelasticò 

aircraft based on the number of passengers served, or 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 passengers, and the variable cost reflect the cost of handling 

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

 is the fixed cost of operating a scheduled flight 

  is the variable cost of serving each additional passenger for CS 

 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. If  be the time period of 

study and  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  is at time , and subsequently there is a scheduled flight after every  

time. We call  the SS service frequency. Individual passenger and the groups chose the 

SS flight which is closest to their desired departure time. 

 

As stated before, individual demand is served by SS only. We assume a linear 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 demand  is given below in equation (2.1)  

 (2.1) 

where  

 is the ticket price for each individual 

 is the service frequency as defined before 
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  are non-negative parameters 

The group demand is modeled as a constant number of groups (price-inelastic) willing to 

use either CS or SS as long as the price is below a pre-defined limit. If the price is greater 

than this limit, the group demand is zero. The motivation behind using a ñprice-inelasticò 

group demand is to keep the problem tractable and to obtain analytical expressions of 

equilibrium. Such analytical expressions are useful in understanding how competitive 

equilibria depend on different demand and cost factors. Even with price inelasticity, there 

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 infinite price for profit maximization. 

We denote this price limit for group  as , and assume that , where  is the 

individual price for zero demand at infinite frequency. It seems reasonable that group 

demand would be zero at the same price the individual demand is zero at theoretically-

infinite frequency.  

Thus, if  

J  is the set of all types of groups in the market,  

 is the number of groups of type j,  

 is the number of passengers in a group of type j  

 is the dollar value of time of group of type j  

 is the price of flying CS for a group of type j (per group) 

 is the price of flying SS for a group of type j (per person) 

 is the schedule delay associated with using SS 

  is the additional disutility of using SS service by group   
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then the group  would chose CS over SS if 

 (2.2) 

The parameter  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 

ñattractiveò than SS. We assume that the  is always greater or equal to zero, i.e. for the 

same price and no schedule delay case, the utility of using SS is less than the utility of 

using CS. 

 

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 distribution 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 period . The assumption of uniformly distributed 

desired departure time leads to a simple piecewise linear function for the probability of a 

group choosing CS over SS, as demonstrated below. 

Since a groupôs desired departure time is unlikely to exactly match the departure 

time for the SS flight, we assume that the group chooses the SS flight closest to its 

desired departure, and this flight could be either before or after. Given the uniformly 

distributed desired departure, group prices being less than , the equally spaced SS 
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flights and the expression for schedule delay values when CS is chosen over SS, the 

probability of group  choosing to fly CS  can be expressed as:  

 (2.3) 

where, to simplify the notation, we have defined . It is clear that the interval 

 is where the choice probability (and thus the group market 

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

interval as the competitive interval. 

 

Based on the probability of choosing CS by group  defined in equation (2.3), the 

expected profit functions for CS  and SS  are given in equations (2.4) and (2.5).  

 
(2.4) 

 

(2.5) 

In equation (2.4), the profit from each group is multiplied by the probability of the group 

selecting CS over SS. This is summated over all the groups to get the expected CS profit. 

In the expected SS profit in equation (2.5), the first term represents the profit from 

individuals, and is the product of profit from one individual and the demand. The second 
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term is the profit from all groups, and includes the probability of selecting SS by a group 

. 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 each group , 

whereas the SS strategy space includes price for individuals , price for each group 

 and the frequency of flights . Analysis of the behavior of the profit functions 

over the respective strategy spaces yields the following theorem: 

 

Proposition 2.1: For any set of charter and scheduled variables, the following statements 

are true for the competitive interval (i.e.  if ). 

(a) The charter profit function is concave in charter prices for given scheduled 

prices and frequency.  

(b) The scheduled profit function is concave in scheduled prices (both 

individual and group) for fixed frequency and charter prices, and is also concave 

in scheduled frequency for fixed scheduled and charter prices. 

Proof: The proof of the above stated proposition is given in Appendix 1.  

 

As a consequence of proposition 2.1, for the competitive interval there is a unique, 

optimal CS price for every SS price and frequency, and there is a unique, optimal SS 

price for every SS frequency and CS price. Of course, the competitive interval is itself 

defined as a function of prices and frequency, and coupled with the cases where CS 

market share might be zero or one, this does not yield a well-defined zone for uniqueness 

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

competition, and address the issue of the optimal prices on a case-by-case basis. 
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In order to keep the profit functions non-negative, 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 be non-negative: 

 (2.6) 

 (2.7) 

 (2.8) 

 

The profit functions defined in equations (2.4) 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 scenarios, it is important to define the model of competition itself. 

We consider two different models of competition: the simultaneous game and the leader-

follower game. The following section gives details of the two models and the possible 

scenarios considered for both the models. 

 

Utilizing the profit functions (developed in the previous section) for 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 of complete information, i.e., each competitorôs profit function is completely 

known to the rival (Gibbons, 1992). Further, we assume that the competitors act 

rationally, and pursue a course which maximizes their profit given the rivalsô actions. 

With these assumptions, two different models or games can be formulated based on the 
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sequence of decision making by the players. Additionally, for each such model different 

scenarios can be characterized based on which subset of the variables the players alter 

(price and/or frequency). In the following sub-sections, we describe the two models and 

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

the next section. 

 

The aim behind analyzing competition 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 a low-cost carrier, a key component in the 

analysis is the sequence of decision making. The outcomes are different when the 

competitors make decisions on price and/or frequency simultaneously, as compared to 

when one player has advantage over the other by being the first to decide. To address 

this, we use two different games or models of competition: simultaneous game and 

leader-follower game. 

In the simultaneous game, the competitors make simultaneous decisions about their 

variables to maximize their profit. Each player assumes that the competitor will also 

make a choice to maximize profit, and that choice will not change. This model is similar 

to the classical Cournot duopoly (Gibbons 1992) in some ways. We find the Nash 

equilibrium (NE) where, given the competitors strategy (price and/or frequency 

combination), the player does not gain from changing their own strategy. Mathematically, 

this model is solved by first finding each playerôs best response to any of the rivalôs 

actions, and then finding the ñintersectionò of these best response functions.   
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In the leader-follower game, the players do not make decisions simultaneously. One 

of the players, called the market leader, has the advantage of acting first and the other 

player (follower) responds to those actions. The reasons for the market leaderôs advantage 

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 is also serving individuals in the market. The leader-follower 

model is similar to the classical Stackelberg duopoly (Gibbons 1992). This model is a 

two-step sequential model, where in the first step the leader acts in a way to maximize its 

profit, and in the next step the follower acts. Fundamental to this model is the assumption 

of perfect information, which means that the players have up-to-date information of all 

the prior steps in the game. This is in addition to the previous assumption of complete 

information. Since this is a two-step model, we solve for the sub-game perfect Nash 

equilibrium (SPNE) in this case, where each stage is a NE itself. SPNE is a stronger 

equilibrium concept for multiple stage models, and excludes the possibilities of ñnon-

credible threatsò (Gibbons 1992). Mathematically, this model is solved backwards, by 

first evaluating the followerôs best response to any action by the leader. This best 

response is then included in the leaderôs profit function before maximization. The leader, 

thus, anticipates the actions of the follower and acts accordingly.  

In the following sub-section, we describe the various market scenarios. It should be 

noted that the above two models are applicable to each 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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In a given demand and cost situation, the competitors can alter their ñvariables of 

serviceò as actions in response to different conditions. The only variables for CS are the 

different group prices, since CS charges a single group price based on group 

characteristics. SS, however, has individual ticket price, group ticket prices and 

frequency as variables. SS can change either all or a subset of these variables. Further, it 

can choose to 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 serves both individuals and groups, CS absent 

2) CS enters the market and competes, SS does not respond with any changes 

3) SS changes prices in response to CS, does not alter frequency; CS alters price 

reflecting SS changes   

a) SS sets a single, optimized ticket price for everyone (individuals and 

groups), CS sets optimal 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 changes group 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 alter the prices and CS changes its prices accordingly. 

This, however, is not a very realistic case since SS would find it easier to alter prices than 

frequency. A scheduled airlineôs fleet is spread over the entire network, and any changes 
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in frequency would require accounting for all the cascading effects over the network. 

Compared to this, changes in price can be restricted to a particular market. Thus, it seems 

unreasonable that a competitor will try to optimize by making relatively complex changes 

while fixing prices that are easier to change.  

In the four scenarios listed above, as we move from scenario one to four the 

complexity of the problem increases since maximization is done over more variables. 

This also represents an increasing degree of competition between CS and SS. SS will 

consider responding to CS only if it CS poses a substantial challenge. 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 portion of the 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 

ñeasierò than frequency the first response SS will have is to change the price, and later 

the frequency, if at all.  

 

In the following section, we give analytical expressions for equilibrium prices and 

frequency for the scenarios mentioned above. The expressions are for a generalized 

setting of numerous groups with different value of time and group size. It should be 

noted, however, that these expressions are for the competitive interval defined in equation 

(2.3). Let us call this interior equilibrium. When the prices and frequency are outside the 

competitive interval, either CS or SS has the complete market share for the particular 

group. Given the interior equilibrium expressions, conditions when either competitor has 
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complete market share are derived using the expressions in equation (2.3). Thus, 

identifying the interior equilibrium is the essential step in determining market share in 

different scenarios.  

The expressions for interior equilibrium are for the four different scenarios listed 

above for both models of competition (simultaneous game and leader-follower game). 

Along with presenting the interior equilibrium expressions for different scenarios, we 

discuss their stability and uniqueness. We also describe the cases where the resulting 

equilibrium might not be an interior equilibrium, and discuss the stability and uniqueness 

in such cases. 

 

In this scenario, CS is absent from the market and SS serves both 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 determine this combination.  

As stated before, group demand is inelastic to price as long as the price is below the 

value . Also, frequency has no effect on group market share, since SS is the 

only operator and groups cannot select a service based on their schedule delay, which is 

linked to frequency. In such a case, SS would make the most profit by charging each 

group their maximum price , and setting an optimal individual price and market 

frequency by maximizing the first part of the profit function in equation (2.5), i.e. 
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 (2.9) 

However, this means that groups are being charged more than individual passengers, 

since the resulting  is less than , whereas the group price is . It seems 

improbable that such a situation would persist, since the group passengers can ñpretendò 

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 sub-optimal. SS would fare better by charging a 

single ticket price to all the passengers, individuals or group, and to base this single ticket 

price as well as frequency on the entire market demand. Further, since  SS cannot 

decide to forgo the individual market completely and set a ticket price greater than , 

capturing groups (either all or some) and charging them a high price. Thus, SS would 

either pick a price less than  and an optimal frequency, or pick the price  and set 

the frequency as one. If  be the SS ticket price set for both individuals and groups, then 

this can be represented mathematically as: 

 
(2.10) 

In the second case in equation (2.10), the optimal frequency would be one under the 

assumption that there has to be at least one SS flight in the time horizon. Analysis of the 

Hessian matrix of the above expression for the case  reveals that for generic 

demand and cost parameters, the profit function is not uniformly concave, and hence 
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there is no unique set  that maximizes the profit, even when restricted to the 

realistic case of  and . Further, taking the first derivative of this 

expression with respect to  and  and solving for equilibrium frequency yields the 

following cubic equation in equilibrium frequency  when  : 

 (2.11) 

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, we can identify the equilibrium price  in terms of the 

equilibrium frequency: 

 (2.12) 

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 equation (2.10). However, the expression in equation 

(2.10) is non-differentiable at , and first-order conditions result in a cubic 

equation as 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 below  or not). 

However in numerical cases, the above expressions give sufficient information to 

generate candidate price and frequency combinations and compare these with boundary 

values. We demonstrate this in the next chapter with examples. 
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This scenario can be regarded as the entry of CS in the market, with CS competing with 

SS but SS not responding. The profit maximizing CS price for any group can be obtained 

from the profit function in equation (2.4), and the expression for optimal price is 

  
(2.13) 

The first case is when CS does not fly that group at all, since at any price above the 

operating cost, the SS price for the group is sufficiently small to overcome the 

disadvantage from schedule delay. The second case is where the market splits, with some 

groups using CS and some using SS, and market share can be evaluated from the 

probability function in equation (2.3) as . The last case is where all the 

groups are served by 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 to choose CS for any desired departure time.  

 

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 discounts, as stated before). 

However, as a response to the entry of CS, SS may adjust the single ticket price charged 


