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Abstract

Airport leakages a phenomenon that occurs when air passengers choose to travel longer surface
distances to take advantage of better air services at an airgbdrfaway(i.e., the substitute
airport),instead of, as expected, using their local airpidre overall objective of thigesearchs

to investigatewhat factors affectirport leakageand how they affect airport leakage, the
context of models thatonisider the tweway interactions between air transportation demand and
supply. More specifically, three categories of factors are investigated, including demographic,
ground access, and air service fact®v8o models have beerxplored in this regardrhefirst is
atwo-stage least squares modgiich is used to test the/pothesis that airport leakagecursat

10 mediumsizeairportsin the United Statedt was found that the substitute airport, with lower
airfare and higher enplanements, may attrass@agers that would otherwise use their local,
mediumsize airport. In addition, passengers travelling in a group of three or more were shown to
prefer their local airport even when the substitute airport provides lower airfare. It was also
found that airprts with higher traffic would attract more passengers. The second model explores
the supplydemand equilibrium using a binary logit model to estimate the market shares of two
competing (local and substitute) airports. A numerical analyss peaformed tcexplore the
sensitivity of equilibrium market sharéo coefficients, airfare, flight frequency and ground
access distance. Results show that passengers will be attratedstdstitute airporto take
advantage of lower airfare ahiyher flight frequacy. If the substitute airport reduces its airfare,

the airfare at the local airport will also be reduced. As a combination effect of the two airfares,
the equilibrium market share changes. Furthermore, it was found that locations will have

different markéshares even if their ground accessatises to the local airport are identical.
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CHAPTER 1. INTRODUCTION

This chapter introduces and defines airport leakage. In the context of the findings and gaps in
previous airprt leakage studies, the research motivation, objectind scope of this thesis are
discussedThe last sectionontainsan outline of tle thesis.

1.1. Background

Airport passenger traffic has a huge impactamal economic developmerit. waspredictedthat
185,000 jobs wuld be createdf Chi cago6s O¢RR)exgandsand gtaatst 50%
more passenger(Brueckner, 2003) Thus, a thorough understanding of airport passenger
demand is important for urban pleers and airport managewir port passenger demand has
been studied extensivelyit is mainly determined byfactors in threemajor categories
demographyairport accessibilityandair service (Zou & Hansen, 2012apemographic factors
include population and economy, and may cdvier purpose Airport accessibilityis related to
location of the airport, ground access origthe ground access mogdeand the ground
transportation network. Air serviséncludeairline ®rvices as well aairport services. Airlines
determinethe origin and destination airporthey will serve airfares, flight frequences, and
aircraft size, which greatly influence passenger demépdls, Nijkamp, & Rietveld, 2001; W.

Wei & Hansen, 2005)In return, passenger demand for an airport also influences airline services
at the airpor{Wiltshire, 2013) The characteristics of airport servicéhat impact airport demand
include the number of airlines at the airport, customer parking, éhemid retailing services
(Gupta, Vovsha, & Donnelly, 2008; Loo, 2008¢hen more thanre airport is available to
passengers, demand at one airport is not only impacted by its own air services but also by air
services at alternative airporfdou & Hansen, 2012a)fhere are some other factors of airport

demand that do not belong to any of the three categaieh as deregulatigtshutkina, 2009)

Airport leakageas a phenomenon that occurs when air passengers choose to travel longer

surface distances tokim advantage of better air services at an airport further,amsigad of, as



expected, using their local airpg8uzuki & Audino, 2003)Because airport leakage reduces the
| ocal airport 6 sundgrsdassng airpaetrleakdge ms aalsad important uidran
planners and airport managers, who attemptttact more air passengers to the local airport and
stimulate economic development this thesis, we will call the local airport as such, eallithe

Al eakageo air por tnaddiion, we asdurae thahelotak airpeortisrthe onlyt .
airport in its metropolitanregion. This definition distinguishes airport leakage from airport
competition in a multi-airport system,where more than oneairport is locatel within a

metropolitan region.
1.2. Research Background and Motivation

Our first research questioasks whether air passengers that would otherwise use the local
mediumsize airport serving their metropolitan region leakrajor hub (or suligute) airports

outside their metropolitan region.

The second research questanses from the fact thatostairport leakage studies focus
on an airportd scatchment areathe geographicservice area of an airporfThese studies
emphasize othe market Bare distribution around airports, insteaceath attribute that affects
airport leakagdFuellhart, 2007; Lieshout, 2014h consequence, our second research question
askswhat factas affect airport leakage and how they aftbés phenomenan

In addition, a very limited number dirport leakage studies have accounted toe
inherent interactins between supply and demand. Ajonity of airport leakage studies build
discrete chae modet based on survey datand treat supphgide attributes as exogenous
explanatory variables for demaitde Luca, 2012; Lian & Rgnnevik, 2011; Suzukru@, &
Audino, 2003) A As a resultthis researchwvill consider supplyanddemand interactiom the

study of airport leakage



1.3. Research Objectives and Scope

Theoverallobjective of thigesearchs to investigatevhat factorsaffectairport leakageand how
they affect airport leakagen the context of models that consider the ey interactions
between air transportation demand and supylyre specifically, three categories of factors are
investigatedincluding demographic, ground access, @ndervicefactors

To accomplish this objective, this reseaimvestigates the hypothedisat airport leakage
exists when major hub (or substitute) airports provide better air sentlw@s mediurrsize
airports The hypothesiwill be tested by assesg how attractivethe substitute airports to
passengeraho are assumed to uadocal airport. If the air services thie substitute airport are
shown to have a significant impact thre demandat thelocal airport, then we may conclude that

airport lekage exists

The research scope has been narrowed dowthieg considerations. Firstly, wenly
consider airport leakageom mediumsize airpors to major hub airpost in the U.§ and each
airport is in adistinctmetropolitan regionSecondlypassenges 6 ai r |l i ne <choi ce
our research scope. All air services, such as airfare and flight frequency, are treated as airport

servicesThirdly, all passengers are assumed to use private vetoaEstothe departurairport
1.4. Structure of Thesis

There are fivechaptersan this thesisChapter 1 introduces the background @& thsearctand

gaps in previous studies, followed the motivation, objectiveand scope.

Chapter 2 provides a comprehmesliterature review of the air transportatiomarket
with an emphasis on airport leakagéwree types of studies are reviewed: studies exploring the
oneway impact of air services on air transportation demand, studies exploring tiveapne
impact of passengers on airfare or airline costs, and studiéziegpthe twoeway interaction
between passengers and air servitdsdels and methodologies that are most commoaaich

of the three categorieseadiscussed.



Chapter 3 explores the impacts sfipplyside factors as well as substitute airport
attributeson local airport demand. Twstage least squaresodek have been specified to
capture theendogeneity between airfare and airport passenghbis chapter can be divided into
two parts. The first discusses data collecadprocessingThe second desbes thesstimation

process and resslt

Chapter 4 explores airpogquilibrium market shareising a binary logit model to
estimate market shar&he variables that are considered in the market share model include
airfare, flight frequency, and ground assalistance. The airfare variable is based on the airfare
function from Chapter 3. A numerical analysis explores the sensitivities of variables and
coefficients to airport market share at equilibriu@hapter 5 providesnaoverview of the
researchand majo conclusionsResearch antributiors, limitations, andrecommendations for

future workare also discussed



CHAPTER 2. LITERATURE REVIEW

This section provides a review of airport competition studies with respect to study approaches.
Previous studies arelivided into three categoriesdepending on whether the impact af
services (supplydn air transportation demand considered, and whether the impacawport

or airline passengersdeémand on air transportation supply is considereddodels and
methodologies #tt are most common in each of the three categories are discussed. Approaches

that have been used to study airport leakage are emphasized.
2.1. Air Transportation Demand

Thereare extensive studied air transportation demanai(port demandand airlinedemandl
which only consider the ongay impact of supplyn demand, and treat supide attributes as
exogenous.Because we can hardly discuasport competitionwithout mentioning airline
competition studies that only focus on airline competitamealso includedTwo methodologies
that have been used dely are discrete choice models alntkar (or loglinear) regression
models(Harvey, 1987; S. Hess, 2004utchinson, 1993)

2.1.1. Discrete Choice Modsl

Discrete choice models can estimate the probability of choosing an airport among a set of
alternative airportdor an individual passengeor they can estimat¢he market share of an
airport among a set of cquating airports. The first is considered a disaggregate choice model,

and the second an aggregatarket sharenodel.

Il n di saggregate demand studies, passengers
on characteristics and attributeghich are spetic for each individual and can be obtained
through surveysTwo types of survey exist: revealed preference (RP) survey and stated
preference (SP) survey. RP survagks survey respondents about their past experiences
regarding travel SP survey ask respodents about their choice behaviors higipothetical

situations RP dataeflect real situationbut may not capture all factors while SP data is able to
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control variation but has a risk ahderestimating attributes that are not available in the survey
(Cherchi & de Dios Ortuzar, 2002; de Luca, 2012)

Discrete choice models have been used extensively in estimating airport choice-4n multi
airport systerg wheremore than one airpoderves ametropolitan areaMost studies do not
explore airport choice alone, but joint airport, airlinad ground access mode choi¢@sHess,

2004; S. Hess, 2005;eB et al., 2001)The results of these studies vary significantly. Some
studies find that airport choice is most heavily influenced by ground access or acceéRudgity
Nijkamp, & Rietveld, 2003while other stdies find that air services attributes like airfare are
important(Harvey, 1987)For passengers living in reasonable proximity to two or more airports,
impact of access time is not high as flight freque(\@yndle & Dresner, 1995)Using survey

data from the San Francisco Bay Arlarvey (1987)uilt a multinomial logit modeland found

that ground access time, airline frequenc@s connections are significant for arpchoice for

both business and leisure travelers, with the first two variables in -finean relationship in
airport utility function(Harvey, 1987)As auniquecase for the New York Area, whether or not
passegers have to make a river crossing to access an airport plays a role on airport choice
(Gupta et al., 2008)n summary, significant variables of airport choice in raaitport system
include access time and diste, airfare, frequency, past experience, purpose, car ownership, air
trip time, direct or indirect flight, delay, aircraft typthe number of airlines at one airpodnd

the numberof members in travajroup Segmentation of travelers by trip purpobaginess or
leisure) is commonly done in these models. Different types of discrete choice model have also
been applied and compared in previous studies. Hess anddppladmixed multinomial logit

model for airport choice in the San Francisco Bay A(Ba Hess & Polak, 2005b)A
comprehensive literature review of airport choice studies with respect to determinants, survey

methodsand discrete choice models can be founderuca (2012)

Airport leakage happermore often for leisure travelers than business travedethat
past experienceat an airporhavea  si gni fi cant 1 mpact (Surukietassenc
al., 2003) In a more recent study, jointportai r | i ne choi ce hasstheepedn an

decision process with the first step to scree



minimum acceptable standards and the second step to build a nested logitSuadkl, 2007)

In the case of Des Moines International Airport (DSM) competing with Kansas City
International Airport (MCI), MinneapoliSt. Paul International Airport (MSPand Omaha
Eppley Internabnal Airport (OMA), this modified model shows an improved fit for airline
choice but not for airport choic€&Suzuki, 2007) In southern lItaly, airport choice behaviors
among Naple€apodichino (NAP), Rome Fiumian(FCO), and Rome Ciampin&€A) have
been studiedde Luca, 2012)FCO and CIA are 20 miles away from each other, and both of
them serve Rome. However, NAP serves Napled is located 150 miles and 130 miles away
from FCO and CIA respéigely. In 2013, FCO served about 36 million passengers as a hub
airport while NAP and CIA served nearlyntillion and 5 million passengers respectivelydmn
Luca (2012) however, all of the three airports are treated in a raujport systen(de Luca,
2012) Based on stated preference survey data, airport choices are analyzed in multinomial logit
model, hierarchical logit model, cross nested logit maaled mixed multinomial logit model. It

is found that sigrficant factors for airport choice are access time, airfare, age, experernce

income(de Luca, 2012)

In Lieshout (2012), the market share is calculated baseduttmomial logit model of
airfare, flight fremency, ground access cosind airside time(Lieshout, 2012) The study
assumes that airport demand spreads out around the airport without ground access distance
constraint, and areas with market share over d@tgalled airport catchment aréiis found that
the spatial distribution of airport market shataries with respect to destinationair service
offerings, and the number of competing airpotttderstanding airport catchment area is
instrumental to uher st and passengerso airport choice
airports(Lieshout, 2012)

2.1.2. Linear and Loglinear Regression Model

In studies of airport demand using linear or-logar regression nuel, the dependent variable
is usually passenger traffic airport market share(Cohas, Belobaba, & Simpson, 1995;
Hutchinson, 1993)The impact of airport or airline competitide reflected by variables of

a)



competitors. Canadian domestic air demand has been estimatedineéygnodelgHutchinson,

1993) Aggregate demand model of cresectional data is calculated by income agiori

income at destination, airfare, cost of substitute ground access amtie¢ravel time for the

fastest surface mode. By introducing interaction variables or transforming variables, more effects
of airport demand can be explored. In this study, intemaceffects are counted by usitige
productof income at origirmandincome at destinatigitheratio of airfare over ground access ¢ost
andthe ratio of air travel time over ground access ti(hitchinson,1993) Improvement of

using ratio variables is thatir trip is considered comparatively witlground access trip
(Hutchinson, 1993)Airport market share in mulairport system is estimated anlog-linear

model of airport dummy variablethe portion of frequencythe average airfareandthe airfare

at competing airport@Cohas et al., 1995Based on tickebooking data, airport passenger traffic
fleakingd from local airports tesubstitutehub airpors is estimated ina two-step regression
model.Int he first step, the portion of #fAleakagebo
and time dummy varialdeBot h t he porti on of plahaory kadapleso pa s ¢
vary with respect to time and routés.the second step, the residual from the-Btspp model is
regressed oexplanatoryariables that onlyary with respect to route$hese wariables include

the average airfare frona local airpat, the average airfare froma substitute hub airporthe

airfare differencethe average flight time fronthe local airport to a destinatiorthe driving

distance betweethelocal airport andhe substitute airpgrandthe portion of available seats pe

day. Among themthe distance and seats variables are fixed in different time peaodsonly

vary with respect to routé®hillips, Weatherford, Mason, & Kunce, 2005)
2.2. Air Transportation Supply

Studies ofair transportation supplgnly consider the oneray impact of demand on suppbnd
treat demandside attributes as exogenouupply representsairport and airline serviceand
demandepresentsirport and airline passenge#ssrline service decisionsdicate yiedl, pricing
and seat supplf¢ippolito, 1981; Windle & Dresner, 1999; S. Zhang, Derudder, & Witlox, 2013)
Because the decisiemaking of airline sencesinvolves assessment of airline costs, the studies

of airline cost will also be mentionedirline cost consisf capacity cost, trafficelated cost

8



and overhead cost. I n detail, they reprtesent

leasing and landing, advertisemeauhd administratiofO'Connor, 2001)Methodologies irthe
studies of air transportation supghclude linear regression mod@tvans & Kessides, 1993;
Windle & Dresner, 1999; S. Zhang et al., 2Q18y-linear regression modéD. W. Gillen, Oum,
& Tretheway, 1990; W. Wei & Hansen, 2003; Zou & Hansen, 2012b)d other norlinear
regression model¢Hansen & Kanafani, 1989; Ippolito, 1981; Swan & AdR006)

The passager traffic variablein airline pricing models shows the enay impact of
airline passengers on supvans& Kessides, 1993; Ippolito, 1981; Windle & Dresner, 1999;
S. Zhang et al., 2013Flight distance, vacation roytandflight connection are also important
for pricing (Evans & Kessides, 1993; Windle & Dresner, 1999; S. Zhang et al., .2018r
pricing variables are slot control, time trend, preseoiclow-cost carriers, indexes, amaarket
share(Evans & Kessides, 1993; Windle & Dresner, 1999; S. Zhang et al.,.Z048) supply is
in a function of pssengersaverage airfare, carrier concentration at airport, commuter
competition, airport departures, local cariigdicators and eligibility of subsidy{Ippolito, 1981)
Yield, which isthe weighted average airfare, iegressecn distance, squaratistance,the
product of population on two ends of the route, vacattommy variable, slot control dummy

variable and quarter dummy variabl@#/indle & Dresner, 1999)

The variablesin airline cost modeinclude airline output, unit fuel price, labor price per
employee, materigirice indicator, capital stock, load factor, stage length, dalagthe number
of points serveqZou & Hansen, 2012b)n another studyseveral loglinear modelof airline
cost have been compared when using différeariables(Hansen & Kanafani, 1989)These
variables includeguantity of labor, quantity of nelabor inputs, indicator of airline operating
characteristics, network concentratidime number of points served, labcost, trip length, load

factor, aircraft seat capacjtgnd year dummy variabléslansen & Kanafani, 1989)

It is found that for a specificflight distance there is an optimal aircraft size that
minimizes aircaft operating cost. The optimal aircraft size increases whiight distance
increasesln addition, because larger aircraft size usually leads to higher pilot cost, the pilot cost



variable is endogenous. By excluding the pilot cost variable in the ntbdegptimal aircraft
sizeminimizing theaircraft costbecomes smallgWV. Wei & Hansen, 2003)

2.3. Air Transportation Demand and Supply

Studies of air transportation demand and supply refer to studies that have eshtéetwe
way interaction between air services (supply) amdpassengersdémang. The most common
methodologies in these studies include -stage least squares model, thst@ge least squares

model, mathematical optimization, game theanydspatialcompetition model.
2.3.1. Twostage and Threstage Least Squares Models

The twoeway interaction between airfare (supplghd air passengers (demand) can be
represented by twsimultaneougquationsTwo-stage least squares (2SLS) and tistage least
squares(3SLS) are two estimation methodd simultaneous equations moddhe 2SLS
introducesan instrumental variabl® replacethe endogenous variable, which is correlated with
the error term(Dougherty, 2011; Pindyck & Rubinfeld, 1998)iore specificallyfor a demand
mode| the endogenousiirfare variablds correlated with the error ternm solution, the 2SLS
model replaces the endogenous variable with an instrumental variabl@en@ibgenous airfare
variable is estimated by the passengaiableand otherexogenouwariablesin the first stage
and the predicted airfare varialflee., instrumental variable) issed inthe secondstage demand
model(Dougherty, 2011; Pindyck & Rubinfeld, 1998he 3SLS modek based on 2SLS model

butassumeshat the error termsf simultaneougquationsare correlatedZellner & Theil, 1962)

Two-stage least squares model is built for 14 airportenUnited Stateto capture the
endogeneity othe supplyside and demanside attributes to study airport leaka@izuki &
Audino, 2003) It estimats the airfare inthe first stage, and then usde predicted airfare
variable (instrumental variablelnto the secondtage demand modélhe variables inthe first-
stageairfare model include the route dummy variables, quarter dummyrighles, flight legs,
freight, passengershe airfare atthe substitute airpgrand theinteraction variable ofiriving

distance andhe airfare atthe substitute airparBesideghe predicted airfare valugthesecond
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stage airport passengers modedstimatedy seasonalitytheflight legs atthe substitute airpart
interaction effect otheflight legs atthe substitute airpodindthe driving distance besides most

of the variables inhe first-stage model. Four models are compared in the siesults show

that the model is improveddy using loglinear model form and by considering the substitute
airport attributes The interaction variable of airfare and driving distance also shows that air
passengers may be attractedateubstitute airport thas 250 miles away{Suzuki & Audino,
2003)

Another twostage least squares model hasrbused witlthe firststageairline demand
model andthe secondstageseatsupply mode(lppolito, 1981) In its log-linear airline demand
model, variables includiéne number of flights, load factor, elasticity of flight frequency, squares
of airfare, fare elasticity at mean fare level, distance, income, populatiorthslibitip dummy
variable andthree atractivecity dummy variables. Thehsrt-haul trip dummy variable is an
implement ofthe distance variable to indicate possibility of car driving eattinan air travel. On
thelog-linearseat supply modgVariables ar¢hefitted demand value frorthefirst-stage model
divided by enplanement, fare, raftggramp time, enplanement, carrier airport concentration,
commuter corpetition, a dummy variable indicatingvhether airport departures is larger than

100,000, local carrredummy variableand subsidy dummy variab{gpolito, 1981)

A threestage least squares modls been built to explore the impact of competition
from the United State€anac transborder citiegElwakil, Windle, & Dresner, 2013)On the
supply sidethe average airfare iszgressed otog-form of passengers, lefigrm of great circle
distance, an indexand year dummy variable. On the demand gtk numbenf passengeatris in
the log-linear model of variables includinthe average airfare, population in metropolitan area,
the product of per capita incoreat origin and destinatigiyear dummy variables, origin dummy
variables, destination dummy variahlead border city dummy variables. Border city dummy
variables are indicators of competitofSlwakil et al., 2013) It concludes thathe airfare

difference is the major cause of airport leakagetferUnitedStatesCanaé transborder market.
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2.3.2. Mathematical Optimization Studies of part and AirlineCompetition

In airport or airline competition, mathematical optimization usually combines with game theory
to explore the suppldemand equilibrium. Airport and #ive competitors optimize their
objectives under certain constrain@nly objectives and outpus (i.e., optimal solutios) of

mathematical optimization will be rewed

Three optimization objectives exist in previous studies including profit maximmgati
welfare maximization and cost minimization. Profit maximization is the most common for
airline while both profit and welfare maximization are commonly used for aifBarbot, 2009;
Brueckner & Flores=illol, 2006; D. Gillen & Morrison, 2003; A. Zhang, Fu, & Yang, 2010)
Profit equals to revenue minus cost. Airline revenue iptbhductof the number of passengers
and airfare while aport revenue is divided into two parts: revenue from aviation operation, such
as runways, aircraft landing and parking, terminals, taedevenue from commercial activities
such as advertisement, car parkiagd retailing. The commercial activities bawincreasingly
important recently, thus, it is essential to have the two revenues in airport profit fuBerbot,

2009; D. Gillen & Morison, 2003; A. Zhang et al., 2010; A. Zhang & Czerny, 200\&)|lfare
maximizationrepresentsocial benefits maximization and is usually assumed to be the objective
of publically funded airportsWelfare equals to airport tax revenue minus passenges, cost
capital cost andexternal cosi(Pels, Nijkamp, & Rietveld, 1997; Pels, Nijkamp, & Rietveld,
1998) It is the sum of total utility and airline profiBrueckner & Flores=illol, 2006). In a study

(Adler, Pels, & Nash, 2010¥ocial welfare contains environmental cost andaftgocket cost

which is paid by government. Thirdly, airline cost includes passengerflogist cost and fixed

cost while airport cost consists of capacity cost, passenger cost, airport operatjoandost
external cost. When airline performance is taken into account, delay cost is also in its cost
function (Hsu & Wu, 1997)I n addi ti on, airlineb6s -andepptes i n |
network are treated differentifPels et al., 1997)The demand part in the profit can be linear
demand function or markehare in discrete choice models, as discussed in the first section of
this chapter.
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When airline and airport objectives are considered simultaneouslhstage or three
stage models are adopted, with one stage to satisfy airline objective and angthéo seisfy
airport objective. Usually, airport profit maximization is on the first stayel airline profit
maximization is on the second stg@arbot, 2009; A. Zhang et al., 2010)ulti-stage model is
al so applicable to obtain airline network bas
(Pels et al., 1997For instance, the first stage is targeting at distance minimization to @lotain
optimized network and the second ®da@el)i s air
In this model, airlines are able to determine their routes and whether to serve routes concurrently
(Adler, 2001)

Outputs of optimization are the decisions that airlines and airports are makiog.
airlines, the outpus includeairfare, frequencyand aircraft size. The radius of market size is also
the output ina catchmentarea studyHsu & Wu, 1997) For airpors, the outputs are airports 6
charge (or taxe9 to airlines. Other derivative outputs may include passenggneralized cost,
demand for each airline, aircraft size, fligiperating cost, and the traffic/capacity rqfmu &
Hansen, 2012a)

2.3.3. Other Airportand AirlineCompetition Studies

Compared to twestage least squares (2SLi@pdels, thresstage least squares (3SLS) models,
and matlematical optimization, thetlber methodsised in airport competition studies are game
theory and spatial competition modehs stated earliergame theory studiegsually combine
with mathematical optimization methd@ddler, 2001; W. Wei & Hansen, 2007; W. Wei, 2006)

In this sectionthevarioust y pes of figame Oareireniewed evi ous studi e:

Airline and airport competition mamenol y de
makes decisions. Most of previous studies assume that players make decisions simultaneously
and independentlgAdler, 2001;Brueckner & Flored-illol, 2006; W. Wei, 2006; A. Zhang et al.,

2010; Zou & Hansen, 2012d&jor example, each airline makes airfare or frequency decisions to
maximize its own profit across all available routes under conditions of knowing, partly knowing

or not knowing competitorsé information. Ther
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game (Basso & Zhang, 2007; Hsu & Wen, 2008equential gameepresents thatlecision
marker mées decisions one by one; and accommodating game represents a phenomenon that
one airline decreases flight frequen@nd its competitor increases its flight frequency as a

response to accommodate market from the other airline.

Wei and Hansen (2008xplaed how duopoly airlines determine aircraft size and flight
frequency in three game scenarios:-shet simultaneous game, lea@d@dfollower Stackelberg
game andtwo-level hierarchical game. Ithe oneshot simultaneous game, airlines maximize
their ownprofits by determining aircraft size and flight frequency at the same time. Airlines are
assumed to have perfect information of their
a leaderandfollower Stackelberg game, one airline makes a decenaithen based on this, the
other airline makes a decision. One airline in the game acts as a leader. In dlegetwo
hierarchical game, two airlines determine their flight frequencies at the same time, and after
knowi ng compet it ors®ms, afrlihes ginultanebusle detereninecthyeir alreradt |
size decision§W. Wei & Hansen, 2007)

Airport-airline collusion is a&ooperatye relationship betweeanairport andanairline in
pursuit of larger objective respectively or larger combined airpaiine objective. The
objective may be profit or market share. There are studies that assume airlines at one airport
provide the same air services; thus, aifaarine collusion in this condition reflects theat&on
power of airport for airline service attribut¢Basso & Zhang, 2007; D. Gillen & Morrison,
2003) However, airport and airline may also decide to collude or not before makicgy pri
decisions, as shown in a thrsiage gaméBarbot, 2009)However, Zhang et al (201dgriveda
different conclusion from a twstage competition model for airpeairline vertical cooperation
focusing on the@mpact of revenue sharing. It wdound that airport competition stimulates
airport to cooperate with airlines, leading to a reduced joint profit but an increased social welfare
(A. Zhang et al., 2010)Besides, Bls et al (1997found there is no exact airport and airline
equilibrium(Pels et al., 1997)

14



Spatial competition modgl havebeen wellstudied but their applicatiors to airport
competition are limited (Dmitry, 2012) The theorem of spatial competition model is that
Aitransportation <costs have the &effect of cr
separ at e (ronich & Kienteisrp2011)As a pioneering studythe Hotelling model has
been used to show how two airports in two locations compete with each other when they offer
homogeneous servicd&rohlich & Niemeier, 201). Airport catchment area, includinthe
overl apping catchment area, depends on airpo
utility of taking advantage of air service. The underlying assumption of the model is that market
is distributed evenly wt hi n the whole area. The baseline
prevent passengerswsthdraw from the market. It véashown irthe Hotelling model that iwo
airports are withina multi-ai r por t system and passentgeger sé c
overlapping catchment areaf the two airportswill be large. If there are airport price
differentiation and unit transportation cost differentiationtfes competing airports, one airport
will attract passengers from the hinterland of the other airpant multiairport system like
Greater London and the New York Area, even though primary airports mainly serve full service
carriers and smaller airports serve {owst carriersthe airfare in one airportvould still be
constrained tdhe airfare inthe competing airpor{Frohlich & Niemeier, 2011)In addition,
spatial competition model can also account docess timedelay, and cooperation or non
cooperation betweeairports(Basso & Zhang, 2007; Fréhlich & Niemeier, 2011)

2.4. Summary

In airport competition and demand studies that do not consig®lyanddemand interaction

and treat supphgide attributes as exogenous, three typesnodels have been discussed
including discrete choice models, linear andliogar regression models. Discrete choice model

has been used to estimate disaggregate airport choice or aggregate market sharedigponilti

system andor airport leakaggHansen, 1995; Harvey, 1987; Lieshout, 20I)e basis of

di screte choice model i's passengerso6 utility
applied incombination withthe geographic information syste@l) to study airport catchment

area (Fuellhart, 2007; Lieshout, 2012)inear and loginear regression models are able to
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estimatedemand or supply for airports in competition by including attributes of competitors.
Although attributes of competing airlines or competing airports can be included, the competition

or cooperation pattern cannot be reflected.

There are mainly four typed airport competition study methods considersupply
anddemand interactignncluding twoestage and threstage least squares maglehathematical
optimization, game theoyyand spatial competition model. Linear or Higear models of
demand and supplgan be estimated simultaneously by istage or threstage least squares
estimation method to account feupplyanddemand interactianMathematical optimization
studies assume the decisioaking of airline or airport is based on profit maximizaticgial
benefit maximizationor airline cost minimization. They usually combine with discrete choice
models (Barbot, 2009; Hansen, 1990; Padt al., 1998; Suzuki, Crum, & Audino, 2004)
Classical game theory models accounttf@decisionmaking process of competing airports and
competing airlinegBarbot, 2009; Hansen, 1990) includes the sequence, information knewn
and decision variables in decistamaking. Meanwhile, the objective of decision is usually profit
maximization or welfare maximization, which implicates that normally classical game theory
associates with miaématical optimization. If both airport choice and airline choice are
considered, it is important to show the relationship between airport and airline in analysis of
airport competition(Barbot, 2009) Output ofspatial competition model atthe demand side is
airport catchment area, and thattbasupply side is airposairline relationship or airport pricing
(Frohlich & Niemeier, 2011)However, the basic spatial mopetition model, Hotelling model,
cannot reflect the impact of this factor. Among all the methodologies, onhstage least
squares model and thretage least squares model are based on real data and meanwhile can
account forsupplyanddemand interaaiin.

Based on the findings in previous studjgarvey, 1987; S. Hess, 2004; S. Hess & Polak,
2005b; Pels et al., 2008yindle & Dresner, 1995)variables that are deemed important to airport
demand include ground access time and distance, airfare, flight frequency, air trip time, direct or
indirect flight, delay, aircraft typethe number of airlines at one airport, gmusize and

characteristics of passengers. The characteristics of passengers contain past experience, trip
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purpose, car ownership, income disaggregate stugyand contain trip purposes, population,

employmentandincomein aggregate study.

In supplyside studies, the dependent variables are normally airline cost(Weldle &
Dresner, 1999)pricing(S. Zhang et al., 2013)andseat supplylppolito, 1981) No matter what
the dependent variable is, the number of passengers is a variable in the f(Eeton &
Kessides, 1993; Ippolito, 1981; Windle & Dresner, 1999; S. Zhang et al.,. Zth@y variables
that have been used in supgige models include revenue, unit fuel price, labor price per
employee, material price indicator, capital stdoled factor, stage lengtthe number of points
served, delayZou & Hansen, 2012b¥light distance, vacation route dummy variablgight
connection, slot control, time trend, presence of-tmst carriers, indexesf anarket share
(Evans & Kessides, 1993; Windle & Dresner, 1999; S. Zhang et al.,,28r concentration
at airport, commuter competition, airport depasyriocal carrier indicatorand eligibility of
subsidy(Ippolito, 1981)

In Table 2.1, studiescategorized by their focus atkemand, supplyor demand and

supplyinteraction arssummarized, alongith methodology andocus

In conclusion, wo gaps were found ipreviousairport leakage studies. One is tliag
studies specifically exploring how major hub airports affect airport leakage at local airports are
limited. The other gap ithat so few leakage stiegd have accounted ftine inherent interaans
between supply and demand. Based on the two gaps, this research expkites major hub
airports affect airport leakags local airportsand if so, howhey affectairport leakage, in the

context of modls that consider the twway interactions between demand and supply.
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Table 2.1 List of Studies and Other Information in Categorization of Demand, Supply and

Categorization

Demandside Studies

Interaction
Study Methodology Focus
varvey @ogn | DSopte Choce | Aot Competton
Pels etal. (2013) | Discrete Choice | Alfoort Competton
Suzuki et al. (2003) Disclr\%%ghoice Airport Leakage
Lieshout (2012) Disclr\%%éilhoice Airport Leakage

Hutchinson (1993)

Log-linear Model

AirportDemand

Windle and Dresner

Linear Regression

Airline Competition

. ' (1999) Model
Supply-side Studies : -
Zou and Hansen | Log-linear Regressior Airline Cost
(2012b) Model
Suzuki and Audino Two-stage Least Airport Leakadge
(2003) Squares Model P J

SupplyandDemand
Interaction Studies

Elwakil et al. (2013)

Threestage Least
Squares Model

Airport Leakage

Suzuki et al. (2004)

Mathematical
Optimization

Airport Leakage

Pek et al. (1998)

Mathematical
Optimization

Airport Competition
in Multi-Airport

Hansen (1990)

Game Theory

Airline Competition

Zhang et al. (2010)

Game Theory

Airport Competition

Frohlich and Niemeie
(2011)

Spatial Competition
Model

Airport Conpetition
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CHAPTER 3. AIRFARE AND AIRPORT DEMAND INTERACTION
MODEL

The objective of this chapter is to explore variables that influence airport demand under the
hypothesis of airport leakage. There are two sections in this chapter. The first section includes
data cdlection, origin-destination QD) selection, data processingnd descriptive statistics of
dataset. In the second section, a{stage least squares model has been developed to capture
the interaction of airfare and airport demand. To eliminatiee bias d first-order
autocorrelation and heteroskedasticity the two-stage least squares moddhe feasible

generalized least squares models are established and compared.
3.1. Data Preparation

3.1.1. Data Sources

Data on airport passenger traffic, airline servicessagnaviation fuel cost and distance were
gathered from five online sourceAirport passenger traffic and airline services datahe
United Statesare from the Airline Origin and Destination Survey (DBl1BBureau of
Transportation Statistics, U.S. Department of Transportation, 204dd) the Air Carrier
Statistics (F100) (Bureau of Transportation Statistics, U.S. Department of Transportation,
2014a) both of which are available from théeS. Department of Transportation (DOT). Census
data is fromthe U.S. Census, Department of CommerEensus Bureau, U.S. Department of
Commerce, 2014a)Aviation fuel cost data is also available from theS. DOT (Bureau of
Transpotation Statistics, U.S. Department of Transportation, 2012itying distances between
airports are from the Travel Math webgjigavelmath, 2014)The first four data sources will be

described in the following sectisen
3.1.1.1.  Airline Origin and Destination Survey (DB1B)

The Airline Origin and Destination Survey (DB1B) takes information from 10% of domestic air

tickets sold inthe U.S, including airfare, coupons.€., flight legs), origin, destination, quarter,
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ticket carrier, market distance, market miles flown, 1sbop market milesand others. DB1B
provided airfare, flight legsanddistance information for thiesearch

There are three types of tables in the DB1B dataset. The DB1B ticket table contains
information of every domestic itinerary which may be a roamgl itinerary. The DB1B market
table contains information of every trip for which a stop is made for purposes other than
changing planes. The DB1B coupon table contains informé&tioavery trip segmerfor which
the flight number does not changBureau of Transportation Statistics, U.S. Department of
Transportation, 2014d}or a trip with a layover in betweetwo trip segments are recorded. We
do not consider round trip or trip segmentsy&ousedhe DB1B market tabléor our modeling

purposes

Onerecordin the DB1B market tablgrovides thenformationfor a singleticket, but this
single ticketmay havebookings formore than one passengeraasair ticketcanbe booked for a
group. As a result, we are able to obtain group size information. Meanwhile, the airfare and flight
leg variablesepresent the average airfare and the average fligipelegassergy. The ron-stop
market miles variablewhich is thedistanceof direct flight between origin and destination
airports has been chosen asdistance variable irthis thesis The DB1B data is available
aggregated into quartgears. Data fron2004 quarterl to 2014 quarter lwereused, leading to
over 21 million observations for dll.S.airpors fromthe DB1B market dataset.

3.1.1.2.  Air Carrier StatisticslJ.S. Carriers (F100)

TheAir Carrier Statistics (U.S. Carriers), which is also calletlOD datasetprovides aggregated

data aboutair carriers, enplaned passengeansd freight per month. Two kinds of tables are
available for domestic air traffic. TheTO O domesti c mar ket table is
and destinationi.g., trip) including direct andndirect flights. The 7.00 domestic segment table

is based on trip segment including passengers on direct flight and passengers transferring at
origin or destination airporbf the trip segmen{Bureau of Transportation Statistics, U.S.
Department of Transportation, 2014a; Bureau of Transportation Statistics, U.S. Department of
Transportatia, 2014b) As mentioned above, we do not consider trip segment for transfer
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passengers, so the market table is used. However, flight departure is only availdide in
segment table, which is an indicator of flight frequency.

From 2004quarter 1to 2014quarter 1 there are more than 2.5 million observations-in T
100 domestic market tabland more than 3.6 million observations i¥xLO0O domestic segment

table for alltheU.S.airports andall theU.S. carries.
3.1.1.3. U.S Census

Demographic information, suchsaage, raceand income, are available from the Annual
Community Survey by & Census, Department of Commer¢€ensus Bureau, U.S.
Department of Commerce, 2014d@8he Annual Community Suryeis a nationwide survey of

around 3.5 milliorhousehold¢Census Bureau, U.S. Department of Commerce, 20C#rn)sus

data are available at different geographic levels, such as countypoigam area, divisionand

state. Population and per capita income for metropolitan areas are used nes#dasch
Metropolitan areas are defined by the Office of Management and BiiNgssle, 2008)

Although specific criteria have been used, a brief definition of metropolitan area is that
AMetropolitan Statistical Areas have at | east
plus adjacent territory that has a high degree of social and economic integratitimewditre as

measured by commuting ti@g\ussle, 2008)
3.1.1.4. Auviation Fuel Cost and Consumption

Aviation fuel cost and consumptioneve also found on thdJ.S. DOT website(Bureau of
Transportation Statistics, U.S. Department of Transportation, 20B4t) total fuel cost and

unit fuel cost per gallon are available per month. This information is categorizé&hgarriers

or international carriers, scheduled services or unscheduled services, and domestic services or
international services. Fohis researchaviation fuel cost and consumptionldfS. carriess with

respecto scheduled domestic servicesravased.
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3.1.2. Origin-Destinaton (OD) Selection

The purpose of orighalestination (OD) selection is to finghetropolitanregionsfrom which

airport leakage is hypothesized to ocddach route- from an origin airport to a destination

airport- is called anorigin-destination(OD) par. In this research we wi | | use fil oc
and Asubstitute OD pair o t @a(cahdidate)daca airpoitande r o U
from a (candidate) substitute airpoi® a given destinatignrespectively.The process of OD
selectioninvolves identifying the local airport in the area from which passengers are leaking, the
(substitute) maj or hub airport to which pass:¢

identifying the OD trip). The identification procedure is shown in Figute 3

The first step in Figure 3.1 involves the selection2b6fcandidatelocal airpors. The
selection isbased on literature review or geographic featuvésen choosing eacbandidate
local airport, their correspondingubstitute airports are also chosé&ior instance, based on
passenger survey data, airport leakage was observed from Des MéoneationalAirport
(DSM) to Kansas City International Airport (MCI), MinneapoBaint Paul International Airport
(MSP), and Eppley Airfield (OMA)(lowa Department of Transportation & lowa Department of
Economic Development, 2001; Suzuki et al., 200®n of the 25 candidatéocal airpors are
from a previous study of airppleakage(Suzuki & Audino, 2003)In that study,14 airports
were identified as local airports because they viieeei r ports c¢cl assi fied as
Gener al Account i ng Ofwithout ather (aitportS in raGius @) 70 miep or t 0
(Suzuki & Audino, 2003)Four out of thel4 airports wee excluded in our selection due to the
fact that the passenger traffic is too small or the airport is close tataamport region. The
airport leakage in the hypothesistbfs researchs occurring where one airport is expected to
serve one metropolitan reyi. Thus, multairport region wa excluded.
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25 Candidate Local Airports

CRITERION:
Top ten destinations for each local airpol

250 Local OD Riirs

/SIX CRITERIA: \

Substitute airport = OEP 35

Airfare advantage of substitute airport
ISREREEEEEEEEE Flight leg advantage of substitute airpor
More passengers at substitute airport
Medium or long-haul air trip
\Destination is not LCC hub /

Tenvyear data Two-year data

50 OD Pairs 36 OD Pairs

____________ CRITERION:
Overlapping OD pairs

29 OD Pairs

THREE CRITERIA:

Sufficient observations for each OD pair
oo One destination for each local airport

One substitute airport for each local airpo

A4

10 OD Pairs

Figure 3.1 Procedure of origin-destination (OD) selection
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The remaining 1%f the 25 local airport candidateser e s el ected fr om
Asmal | 0 ai r po nthe §.S.Eeddraé Aviation Admidistrdtign (FAA)n a single
airport metropolitan area but wittub airports nearbgFederal Aviation Administration, 2014a)
Each hub airport holds a functional importance for airlines and serves more significant
passengers than the local airp@Ryerson & Kim, 2013) The driving distance between a
candidate local airport artle correspondingubstitute airport ranges from 45 miles to 237 miles,
which is within the distance that air passengers may be willing to tirigesubstitute airport
(Suzuki & Audino, 2003)It should be noted that one candidate local airport may have more than
one candidate substitute airport, because the driving distances to these candidatgesubstit
airports are comparable as well as the number of passengers at each substitute airport.

Top 10destinations with the highest passengers were identified for each candidate local
airport based o the 10year DB1B market dataAs a result, there are 2%0cal OD pairsafter
this step. Br each local OD pairthe average airfare per passenger, average flight legs per
passengerandnonstopmileswere also obtainedvieanwhile, these three values have also been
obtained for each cmesponding substitute OPpair. In order to strengthen the hypothesis of

airport leakage, six criteriaere used to sele€@Ds.

1. Substitute airports are included in the Operational Evolution Partne(Siyp) 35
airports by the U.S. Federal Aviation Administration (FAA)(Federal Aviation
Administration, 2009)

OEP 35 airports are the 35 busiest commercial airpotteid.S, taking on over 70% of
air passenger movements .S. (Federal Aviation Administration, 2009; Federal
Aviation Administration, 2014b)They serve major metropolitan areasairline hub

airports to transfer traffic volum@&yerson & Kim, 2013)

2. Average airfare per passenger for local OD pair < average airfare per passenger for

substitute OD pair
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3. Average flight legs per passenger for local OD pair < average flight legs per passenger
for substitute OD pair

Based on our assumption that passengers travbletgubstitute airpotb take advantage
of better air serviceshe average airfare and flight leg ftne substitute OD pair should

be lower thanthelocal OD pair.
4. Passengers for substitute OD paill50% * passengers ftwcal OD pair

This criterion is based on economies of density in aviation industry, meaning that the
more passengers an airport serves, the ldleairport cost per passenger will be. To
guaranteghat asubstitute airport servesore passengers to the destination tiarocal
airport, we assume that passengergiesubstitute OD pair will be least 50% more than
passengers fathe local OD pair. Thus, the substitute airpast more likely to provide
lower airfare and attracagsengers frorimelocal airport.

5. Distance from local airport to destination airporgjieaterthan 500 miles.

Because airport leakage is less likely to occur for shawt air trips(Hsu & Wu, 1997)

the OD pairs tha are less than 500 miles meecliminated.
6. Destination airport is not a lewost carrier (LCC) hub airport.

If the destination airport is served by at least one LCC, the local OD pair may also be
served by LCCregardless of whether the localprt isa LCC hub airport. However,

we only consider LCC as an attributetbé local airport. Thusthe destination airport
cannot be a LCC hub.

The six criteria have been used to filter the OD pairs in thged® DB1B data and-2
year DB1B data. The-gear DB1B data is fror@012quarter 2o 2014 quarter 1 (8 quarters in
total). The reason to uskhe 2-year DB1B data i¢o exclude the potential impact of the 2008
economicdownturnon airport leakageAs shown in Figure 3.1, dased on the 1Qear DB1B da,

there are 50 results that satisfy the above six critBaaed on the-gear DB1B data, there are

25



36 resultsthat satisfy the six criteria. Together, there are only 29 overlapping OD pairs for the
two periods. Due to the fact that many OD pairs shia@esame origi airport, the 29 OD pairs

were filtered again using the followirtgree criteria

1. Only OD pairs with more than 30 quarterly observations of passengéanement in -T
100 dataset areetained in the dataset. All other variables from DB1Basktt have 41

guarterly observations without missing values.

2. For each local airport, only the OD pair with the highest number of passengers is selected.

12 OD pairs are left.
3. Only one substitute airport with the highest passengers is selected for ehealrpoca

As shown inFigure 31, finally, there are 10 local OD pairs leftter filtering The local
airports, their corresponding substitute airports and destination airpodisgleedn Table 3.1.
Their detailed airfare, flight leg, passengensl aistance information from 2004 to 2014 (with
only one quarter in 2014) acentainedn Appendix A.
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Table 3.1 Result of OD Selection

Local Airport Substitute Airport Destination Airport Local OD
Pair (Code)
Jacksonville Orlando International | Philadelphia Internationg JAX - PHL
International Airport, Airport, FL Airport, PA
FL
Tucson International Phoenix Sky Harbor Seattlé Tacoma TUS- SEA
Airport, AZ International Airport, AZ | International Airport, WA
Gerald R. Ford Detroit Metropolitan Tampa International | GRR- TPA
International Airport, | Wayne County Airport, Ml Airport, FL
Ml
Columbia Charlotte Douglas LaGuardia Airport, NY | CAE - LGA
Metropolitan Airport, | International Airport, NC
SC
Portland Intenational Logan International Charlotte Douglas PWM - CLT
Jetport, ME Airport, MA International Airport, NC
Bradley International John F. Kennedy Tampa International | BDL - TPA
Airport, CT International Airport, NY Airport, FL
Port Columbus Detroit Metropolitan Tampa International | CMH - TPA
InternationalAirport, | Wayne County Airport, Ml Airport, FL
OH
Charleston Charlotte Douglas LaGuardia Airport, NY | CHS- LGA
International Airport, | International Airport, NC
SC
Chattanooga Hartsfieldi Jackson Atlants Ronald Reagan CHA - DCA
Metropolitan Airport, | International Airport, GA Washington National
TN Airport, VA
Huntsville Hartsfield Jackson Atlants Ronald Reagan HSV - DCA
International Airport, | International Airport, GA Washington National
AL Airport, VA
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3.1.3. Description of Dataset

After origin-destination selectiorgata from different sources wepeocessed to create the final
dataset. Becausthe DB1B data is presented ia quarterly format all variables will be in

guaters except census data which iargears.

The averageidare per passenger, average group size, flight legs per passamdygon
stop miles are fronthe DB1B market dataset as mentioned in Section 3.1.1. Traffic data from
the T-100 datasehavebeen processeahnd organizedo derive more variablesrelated to traffic
volume The Dtal passenger enplanemergr quarterfrom the local airport to allthe U.S.
airportsexcept thesubjectdestinatiorairportis set aghetotal enplanement variable ftrelocal
airport The reason to excludbe subject destinatiors to eliminatehe endogeneity betweehis
enplanement variable artde passenger variabl&@he passenger variablepresentshe number
of passengers from the local airport to the subject desting®ioruki & Audino, 2003)Total
passenger enplanement frothe substitute airport to althe U.S. airports is set asthe
enplanement variable foine substitute airport to showaffic volumeof the substitute airporin
a certain quartefThe btal passenger enplanement fromth# U.S. airports to the destination
per quarterexcludingthat fromthelocal airportandfrom the substitute airpqgrbhas been used as
theseasonality variable to reflect seasonal fluctuation of air passengdkesdestinatioffSuzuki
& Audino, 2003) The reason of excludintpe local airporandthe substitute airport is also to
eliminate the endogeneity betweethe passenger variable arlde seasonality variableor the
endogeneity betweethe enplanement vaable andthe seasonality variable. In additiorhet
number of passengers served by-lowst carriers (LCC) in each quarter has been assessed for
the 10 local OD pairs. Identified LCCs are Southwest Airlines, TAan Airways, Allegiant Air,
Frontier Airlines, JetBlue Airways, Spirit Airlines, Sun County AirlinaadVirgin America.

Yearly populationand per capita income in metropolitan areas are only availalie in
years between2005 and 2013 (Census Bureau, U.S. Department of Commerce, 20T4w)
population in 2004 ws estimated by using population change rate from 2004 to 2005 for each

state. When one metropolitan area covers more than ates #ie average population change
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rate wa wsed. Per capita income in 2004saestimated by using per capita income growth rate
from 2004 to 2005 inhe United State?opulationand income in quarter 1, 2014 svset as the
same values as 2013. In additidreight enplanement for each local OD pair per quarter from T
100 has been included in the dataset which may also be able to reflect ed@uzuki &
Audino, 2003)

Aviation fuel cost and consumption arenmonths from Air Carrier Financial Reporir (
Form 41 Financial Data)).S. DOT (Bureau of Transportation Statistics, U.S. Department of
Transportation, 2014cQuarterly fuel cost per gallon is ntite mean value of fuel cost per
gallon in three months; instead, it is weighed by fuel consumption. Fuel cost is time specific,
meaning it does not change for different routes. The values are shdwgune 3.2. Fronthis
figure, the economic crisis in 2008 caused a significant decnedsel cost. Since 2009, fuel

cost has been increasing aethained relativelgtable after 2011.

w
w o s

/A\

Fuel Cost Per Gallon ($)

Time (Quarter)

Figure 3.2 Quarterly aviation fuel cost per gallon for domestic serviced.S. carriers)

Descriptive statistics, includinghe number of observations, mean, standard error,

minimum, mediapandmaximum of all variables in the dataset are showrainle 3.2
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Table 3.2 Descriptive Statistics of Variablesin the Dataset

Variable Explanation Obs. Mean Std. Error Min. Median Max.
o s Alrfare from local airportper
00 'YO hassenger per quarter 410 177.00 46.37 97.88 171.36 372.67
~ ~«~ | Flight legfrom local airportper
0 00 passenger per quarter 410 1.40 0.25 1.06 1.37 2.07
0 "0O0 'O| Non-stop miledfor local OD pair 410 814.53 224.01 523.00 777.00 1,216.00
06 "Y"y Zl"j‘;fti?ge’m local OD paiper | 395 | 1482931 | 11,153.00 | 190.00 | 13,170.00 | 53,726.00
"0'Y 00" (Fgghgnhcfg’r local OD paiper quarter| 555 | g 695 15 | 31,630.00 0.00 538.00 | 304,816.00
OYO0D S:irrformed dparturdor local OD | 293 | 55955 156.10 2.00 185.00 661.00
Seasonality; total passenger
enplanemenper quarter fronall
YO0 | U.S.airportsexcluding locahirport | 410 | 2,586,606.00 724,544.00| 1,545,803.0(¢ 2,337,216.0¢ 5,001,127.00
and substitutairport to the
destination
o & "yy | Passengers served by L@ local | 416 | 449810 | 7,452.00 0.00 0.00 26,017.00
OD pairper quarter
~ Portion of passengers served by
0 LCC for local OD paimer quarter 395 0.22 0.36 0.00 0.00 1.00
o~ Average group siztor local OD
YD oair per quarter 410 1.89 0.62 1.03 1.75 4.15
Passengers from local airport to al
~ » » | U.S.destinations excluding
Ov v passengers fdocal OD paimer 410 | 365,565.20| 256,617.00| 51,795.00 | 257,806.50| 1,007,612.00
quarter
0 U 0 | Population inthemetropolitan area| 410 | 882,339.60| 415,970.00| 348,211.00| 773,619.00| 19,990,193.0(
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of local airportper quarter

Per capita incomm the

quarter intheU.S.

"O0 0 | metropolitan areaf local airportper| 410 | 6,611.70 761.84 5,451.00 6,460.00 8,833.00
quarter
rory | Alrfare from sibstituteairport,per | 40 | 955 9o 31.20 88.66 149.63 308.12
passenger per quarter
Y Flight leg from substitute airport, 410 110 0.06 101 108 136
per passenger per quarter
"OY'0D geDrfggirI‘ed departure fsubstitute | 1 | 1 19307 523.35 260.00 1218.00 | 2,141.00
o-y |Passengers from substitute airport ;) | 4 915 370,04 2.486,211.04 2,183,002.04 3,944.060.00 10,822,651.0C
all U.S.destinations
ooy | Priving distancebetween local 410 | 130.90 28.71 88.00 139.00 181.00
airport and substitute airport
OO b Unit aviation fuel cost per gallon p¢ 410 234 0.70 0.97 591 3.49
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3.2. Model Estimation and Results

The twaostage least square (2SLS) model has been chosen for use. The rebhatihe?S_S
modelis able toestimate simultaneous equations model. More specifically for this research, the
2SLS model is able to estimate how airfare and other variables impact airport demand, and,
meanwhile, how airport passengers impact airfare. In the fage sif the modethe airfare is
estimated by the passengeariable and otherexogenousvariables In the second stagéhe
demand is estimated by the predicted airfare variable from the first stage (i.e., instrumental
variable) and other variabl¢Bougherty, 2011; Pindyck & Rubinfeld, 1998)

The 2SLS model in thisresearchs based on model fm and findings in Suzuki and
Audino (2003) Loglinear form is usedfor the first-stage modeland secondstage model
becausat pefformed better than linear for(®Suzuki & Audino, 2003)One principle of variable
selection is to keep as many variables as possible in each model so as mtagplampacts on
demand(Suzuki & Audino, 2003) Variables that have been tested include raoticator
variables, flight leg, seasonality variable, quaredicator variable, freight, airfare athe
substtute airport flight leg atthe substitute airportand interaction variables dhe driving
distance betweethe local airport and the substitute airporith the airfare atthe substitute
airport andwith theflight leg atthe subdgitute airport travelgroup size, fuel cost per galloime
enplanement athe local airport andthe substitute airport, loveost carrier (LCC)indicator

variables, norstop miles, flight fequency, populatigrandincome(Suzuki & Audino, 2003)
3.2.1. Model Xa: Two-Stage Least Squares (2SLS) Model

Two-stage least squares madehich is also called Model4 in this thesisgan be stimated in
the Statistical Analysis Bstem (SAS) sftware All the variables mentioned above including
thar interactiontermshave been tested the airfare model andhe demand modelThe final

model form obtained ibelow.
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First-stage Model

I TO6 YO _0Qp | 1T1067YY|] 9066
(31)

p | 1TOY | 1 TOYOBD 0b 0"y
Where

The subscripfienotes the local OD pair, particular to each of the 10 OD pairs represented in the
dataset.

The subscripbdenotes tira or quarter.
"00 'Y '@ the average airfare per passenger for the local OCCpaguarte.

) ‘Q p is therouteindicatorvariable.) pif the route isfor the local OD paiiQand) Tt

otherwise.
0 6 "Y'I¥ the number of passegrgfor the local OD paifCat quarten.

)0 6 0 p is thelow-cost carrier (LCC) indicator variable. pif 25% or more passengers

used lowcost carriers (LCClor the local OD paiftat quartes; and)  1totherwise.

"0O"Yis the aveage airfare per passenger for the substitute OD pair corresponding to thi@Docal

pair ‘Gat quarten.

"O"YOis the unit aviation fuel cost per gallon for.S. domestic services provided Hy.S.

carries at quarteo.

0 "00 'GsYhe on-stop miles of from origin airport to destination airportttee local OD paifQ
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There are two reasons to use the interaction ®&fviO ® O "O0 OF¥stly, total fuel cost, as one
of the major airline costs, depends on miles flown. B8dlgp"0O6 Qsxtimespecific and) "Qa Qi

is routespecific, so their combination is specific for every observation.
‘ is the error term ithe airfare model at quartér
| 8] ,and_ are parameters.

Secondstage modé

The predicted airfare from the firstage model is used the seconetage demand model.

TI6YY 1 90Qp 11TO06YO | 1HOO 1 1TYO0H

F 11000 1 MTOY 1 1TYOOOT z°YOMHO
z] TOY 1 00OYr 11060 -

(3-2)
Where
0 O "Y'T¥ the number of passengéos the localOD pair'Cat quarte.

) ‘Q p is therouteindicatorvariable.) pif the route is forthe local OD paiiQand) 1t
otherwise.

a €00 Y Ois the fitted log value of airfare per passerfgethe local OD paiitat quartei.

0 'O"0s the average flight leg per passenigerthe local OD paiftat quartei. If all passengers
take direct flights from the origin airport to the destination airport, the average flight leg is one.

If all passengers transfencebetweerorigin ard destinationthe average flight leg is two.
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"YOOis the seasonality variable, represented by total number of passengers fronSs.all
airports except the local airport arnle substitute airport to the destination airpfart the local

OD pairGat quarteo.

0 0 Ois the annual population in the year of quadtir the metropolitan area served by the

local airport(i.e., origin airport) of local OD paiiQ

"0O"Yis the average airfare per passenger for the substitute OBPopasponding to the loc&lD

pair ‘Cat quarte.
"Y'O® i®the average group size of passengmrthe local OD paiftat quarten.

YOO TOY is to show howthe airfare atthe substitute airpofimpact thedeman when

group size changes.

‘0 "O’¥ the driving distance betwedme local airport and the corresponding substitute airfoort

the local OD paiiQin miles.

00 Ois the total passenger enplanement fiitwa local airporto all U.S. destnation airports

minus the number of passengershaf local OD paiftat quartei.
- is the error term.

I 81 ,and are parameters.

3.2.1.1. Estimation Results

Parameter estimation results and goodness of fit for Medelr&éin Table 3.3
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Table 3.3 Estimation Result of Two-stage Least Squares ModeModel 1-a)

Parameter Variable Coefficie | Std. t-value Prst
Notation _ nt Error
_ ) U6 &L OO p 2.90 025 | 11.66 | <.0001
_ ) "YY'Y'YOO p 2.76 0.25 | 10.93 | <.0001
_ ) OY'Y Y0 0 p 2.64 023 | 11.49 | <.0001
_ )6 060000 p 2.83 024 | 11.82 | <.0001
_ )OU oD 60"Yp | 287 0.5 11.61 | <0001
_ )6 00 YOO p 2.83 0.25 | 11.35 | <.0001
_ )6 0005 p 2.85 0.24 | 11.63 | <.0001
First | — ) 0 0"Y0 "00 p 2.93 0.25 | 11.67 | <.0001
Stage | _ ) 606 060 p 2.87 0.23 12.26 <.0001
_ ) OY® 06 6 p 3.40 0.25 13.64 | <.0001
| 06°YY 009 | 0.01 6.8 <.0001
| )UOo6 p -0.13 0.02 -5.18 <.0001
| oY 0.24 0.03 6.92 <.0001
| "'OYO®) 00 O 026 | 002 | 1529 | <.0001
Model fit ii?‘;‘?;squared —
statistics Mean squared Error 0.010
R-square 0.832
Adjusted Rsquare 0.827
Param_eter Variable Coefficie | Std. t-value Prst
Notation ~ nt Error
| )L® v 0L p -6.31 1.12 -5.65 <.0001
| ) "YY'Y'YOO p 0.00
Second | ) OYY™Y0 b p -7.07 1.04 -6.8 <.0001
Stage [y 660006 p | 1397 | 226 | -6.18 | <0001
1 )Owd 80"Yp | 1128 | 199 | -568 | <.0001
1 )6 00 YOO p | .1107 | 1.96 | -566 | <.0001
1 )600YOOp | 473 | 08 | -556 | <0001
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! ) 6 '0"YD "00 p -4.22 0.71 -5.95 <.0001
| )600 000 p | .10.63 | 1.67 -6.35 <.0001
! ) OY® 0060 p -1.99 0.47 -4.27 <.0001
1 "00 YO -1.60 0.24 -6.7 <.0001
T 000 -3.05 029 | -10.54 | <.0001
f YOO 1.00 0.16 6.34 <.0001
1 000 1.89 0.33 574 | <.0001
f oY 0.38 0.13 2.96 0.0033
1 YO®O 1.03 0.40 2.55 0.011
1 "Y'O&Ld TOY 012 | 004 | -316 | 0.0017
f o0y -0.15 0.03 -5.9 <.0001
T 00 0 027 | 012 | 223 0.0265
Model fit iusrigl?;squared i
statistics Mean squared Error 0.083
R-square 0.924
Adjusted Rsquare 0.920
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In Model 1-a, almost all variables are significantthe 99% confidence level while only
the enplanement athe local airportis significant atthe 95% confidence level. Demand and
airfare have a negative relationship, meaning higher demand leads to lower airfare while higher
airfare leads to lower demand. Whibie airfare increases, passengers are less willing doseh
the local airportThusthedemand athe local airporteduces. The negative impact of demand on
airfare occurs when airline competition exists. If more than one airline serves for the same route,
increasing demand will intensify their competition iahh will eventually reducehe average

airfare.

As expected, the presence of LCC on the route will redneeaverage airfare. The
airfare atthe local airportvill decrease itheairfare atthe substitute airpodecreases. This may
result from competibn of airines serving the two airport$he interaction effect of unit fuel
cost and nofstop miles is positive othe airfare because increase of both unit fuel cost and non
stop miles will increase airline cost. The longer distance is or the higHerdsteis, the more
expensive air ticket will be. Comparing the absolute values of the parantbeepgssenger
variable is small because the digits of passenger values are more than other variables. The impact
of low-cost carrier orthe airfare atthe lacal airportis smaller than that ahe airfare atthe
substitute airportParameters of rout@dicator variables are close to each other, but they are
able to reflect characteristics of local OD pairs which have not been explained by other variables
suchas nonrstop miles itself and driving distancette substitute airparThe goodness of fit for
thefirst-stage airfare model is not good as the seatage model because thesRuare value is

0.832. The goodness of fit ftne firststage airfare mode&lan also be shown by Figure 4, which
is theplot of observed 100 'Y Oagainst predictetl TO6 'Y Q
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Figure 3.3 Observedairfare vs. predicted airfare

Comparing with TUSSEA route inttator variable, all other routéndicator variables
have negative impacts on demaifitle characteristics of these routes that have not been captured
by other explanatory variables, such as existence of a hub airport nearby astomaniles,
actually decease demand cqraring with the Route TUSEA. The afare and flight legs athe
local airporthave negative impacts dine demand, showing passengers are less willing to choose
the local airport if airfare increasesr more transfers are needed. Tlea®nality variable
indicates seasonal fluctuation of traffic to the destination and contributes positivéie to
demand atthe local airport In other words, more passengers going to the destination in a
seasofguartermeans more passengers for the localgad. Population in metropolitan area has
also a positive impact on demand. Normally, more activities exist when population increase,
which leads to higher passenger demandhat local airport Looking atthe airfare atthe
substitute airportilone, itsparameter is positivelhis meangf the substitute airpogprovides
lower airfare, the demand tite local airporivill decrease. Ortthe contrary, ifthe airfare atthe
substitute airporincreases, there will be more passengers usiegocal airport This supports
our hypothesis of airport leakage in the process of edgstination selection. The positive

i mpact of t r avel einteypbetedyto oneap thdbi & largercteavel gioep,
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passengers would prefer to usee local airport. Dividilg the parameter of airfare #he
substitute airporby the parameter othe interaction variable of group size and airfare¢hat
substitute airportit showsthat the positive impact of airfare #te substitute airpomnvill be
eliminated when group size more than three. In other words, lower airfarehat substitute
airportdoes not have attraction to passengers fiteenlocal airporivhen passengers travel in a
group of more than three people. Driving distanciéosubstitute airpormpactsthe demand at
the local airportnegatively, showing that more passengers wouldtiiselocal airportif the
substitute airport is farther. Theaganement ate local airportontributes positively to demand.
Higher traffic atthe local airportwould attract mre passengers, which is a positive feedback
effect found inthe previous studyHansen, 1995More variables, such as interaction effect of
thedriving distanceandairfare atthe substitute airparare tested ithe demand model, but they
are insignificant. Goodness of fit ftlhe secondstage model can be shown besguared value,

which is'Y 1o ¢.1The goodness of fit fothe secondstage model can also be shown by

plotting observed 10 & "Y™aganst predicted 10 6 "Y"Yn Figure 3.4
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Figure 3.4 Observed demand vs. predicted demand
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3.2.1.2. Test for Autocorrelation

Hypotheses of airfare model and demand model in Model 1 are that values obtherers (or
residuals) are independent with time perifdsugherty, 2011)That is, in the firsstage model,

* is independent with wheno 0. In the secondtage modek is independent with

wheno 0. If these hypotheses do not meet, time serial autocorrelation exists, which is also
called autocorrelation. Two types of tests have done for autocorrelation. The first one is Durbin
Watson test based on linggrassumption of error term and lagged error term; and the second
test is Lagrange Multiplier General test by adding lagged residual into regression. The pfirpose
conducing more than one test is to eliminate the impact of test assumptions on themelsiat

validate the result&Ayyangar, 2007)
1 DurbinrWatson Test

The standard test for firstrder autocorrelation is Durbi/atson d statistic.

WhereQ isresiduajandQ islagged residugDougherty, 2011)

Whether to reject the null hypothesis of no autocorrelation iscbas value of) lower
level threshold and uppetevel threshold? . Values of the two thresholds depend tbe

number of explanatory variables in the model tr@humber of observation®ougherty, 2011)

Firstorder Durlin-Watson test is available fahe 2SLS moddd in SAS software. The
result for Model 1aisin Table 3.4
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Table 3.4 Result of Durbin-Watson Test

Durbin-Watson (DW) 0.921

Firststage model Number of Observations 395
FirstOrder Autocorrelation 0.530
Durbin-Watson (DW) 1.069

Seconestage model Number of Observations 395
First-Order Autocorrelation 0.462

DurbinWatson test shows th®® 18o¢ p'Q wdd p 1 w8 o wm p& v for
the firststage model an® p8t @ w'Q w8 p & W8 o wm p& o ipr the seconstage
model, so we can reject the null hypothesis of no autocorrelation and conclude that that there is
positive autgorrelation in botithe firststage mode&nd secondgtage model. To have a better
understanding of how residual correlates with lagged residual, two plots of residual Hgainst
time-dependent(i.e., quarter) variable forthe first-stage model and secosthge model are

shown belowespectively

Residual 0.4

0.3 °
02 8 -] o -] a o
0.1 o %0 © ED a ©

00 °

Time

Figure 3.5 Residualagainst time-dependent variablein the first-stage mode(Model 1-a)
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Figure 3.6 Residualaganst time-dependent variablein the secondstage model (Model 1a)

Residuals in the two figures are not randomly distributed against time; instead, they have

formed a wavdike curve along Qi "QQadrexs. Such formation suggests that there is

postive autocorrelation, meaning lagged residuals have positive relationship with residual

(Dougherty, 2011)

1 Lagrange Multiplier General Test

The Lagrange Multiplier General test cheakodel performance bgddingalagged residual as a

variable in the regression. Lagrange Multiplier General test includes Bréusdfiey test and

Durbin alternative test. Criterion of Breus&@uwodfrey test is to check whether the assumption of

€'Yx ... holds, where) is the number of lagged residual ané the number of observations

minus number of lagged residy&odfrey, 1978; SAS, 2014y he Durbin alternative testheds
whether lagged residwssrenot equal to zer@Park, 2006; Wooldridge, 2012)

A lagged residualvas added tdModel 1-a, and only results that are related to the two

tests are shown ihable 3.5
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Table 3.5 Result of Lagrange Multiplier General Tests

Number of dservations 390
Number of lagged residual 1
Breuscfi First-stage
Godfrey test 9 0.284
model
R-Square Seconestage
9 0.104
model
Variable PEarz_ameter t Value Pr>|t|
. stimate
Durbin First-stage
alternative . 9 0.531 12.12 <.0001
test Lagged residual model
Secondstage 0.320 5.94 <.0001
model

In the BreuschGodfrey testg'Y =(390-1)*0.284=110.476>.; .= 3.841 for the first
stagemodel andY =(390-1)*0.104=40.456>..;; .= 3.841 for the secorstage model. Thus, we

can reject null hypothesis of no autocorrelation and conclude that autocorrelation is prémsent in

first-stage model and secosthge model.

For the Durbin altmative test, both parameters of lagged residual are significantly
positive inthe firststage modelnd secondgtage model, indicating that positive fiustder
autocorrelation is present. In conclusion of all the tests above, there is positivardiérst

autocorrelation in Model-4.
3.2.1.3. Test for Heteroskedasticity

Test for heteroskedasticity is to check whether distribution of error term is homogenous,
meaning whether the variance of error term is fixed with respect to different time periods. White
test 5 able to detect heteroskedasti¢iDougherty, 2011)andthus has been conducted toe
first-stage modeand secondgtage model respectively. Resultstio¢ White tests are shown in
Table 3.6
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Table 3.6 Result of White Test for Heteroskedasticity

Chi-Square 76.92

Firststage model Pr> ChiSq 0.011

White Test Chi-Square 102.51
Secondstage model Pr > ChiSq 0.930

Under the hypothesis of no heteredasticity £°Y is distributed as chéquared statistic,
i.e, £'YX ... wherer is number of regressors minus one anid number of observations minus

n. If the Rvalue as shwon in the table is smaller than 5%, we can reject nullhlegmbf no
heteroskedasticity. In the firstage model, P value is 0.011 and smaller than 0.05, so we can
reject the null hypothesiseand conclude that heteroskedasticity is present. In the sestage
model, P value is 0.930 and larger than 0.05, sccaveotreject the null hypothesis of no
heteroskedasticityn conclusion, heteroskedasticity has been detectdifirststage modebf
Model 1.

3.2.2. Model tb: Feasible Generalized Least Squares (FGLS) Model

Due to the detection of firgirder autocorrelion and heteroskedasticity in Modedlit will be
estimatedusing feasible generalized least squarneésasible generalized least squares is able to
estimate parameters in the model when -firster autocorrelation and heteroskedasticity are
present(Wooldridge, 2012)To compare withthe 2SLS estimation methofbr Model 1-a, we

call this model as feasible generalized least squares (FGLS) orolfieldel tb. As Model 1b
uses the same explanatory variatdesModel 1a, the variables will not be explained again in
this section. Theariables that have appearedlie previous section are also listedAppendix

C.
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First-stage Model

I TO6 YO _0Qp | 11067YY|] 9066

p | 1 TOY | 17TOYOBD 00 O"Y
(3-3)

Where
is the error term in airfare model at quader

is the error term in airfare model at quaxer p.
‘ " T is the autoregressive error model.

is the firstorder autoregressive parameter.

T is the error term inthe autoregressive error model, whichassumed to be normally and

independently distributed with mean 0 and varie, ¢ x 0 T,
Secondstage model

The pedicted airfare fronthefirst-stage model is ugan the secondstage demand model.
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FT1000 1 1TOY 1 1TYOHOT z"YOHO

f
z] TOY 1 00OYf 11060 -

(3-4)

Where

is the error term ithedemand model at quarter

is the error term ithedemand model at quarter p.

- - L is autoregressive error model.

is the firstorder autoregressive parameter.

U is the error term inthe autoregressive error model, which is assumed to be normally and

~

independently distributed with mearafdvariance, ,0x 0 T,
3.2.3.1. Estimation Results

Parameter estimation results and goodness of fit for Metere in Table 3.7.
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Table 3.7 Estimation Result of Feasible Generalized Least Squares Modd\Apdel 1-b)

Parameter Variable Coefficie | Std. t-value Prot
Notation nt Error
_ Y0 6 OO 00 p 2.75 0.29 9.36 <.0001
_ ) YY'Y'YOO p 2.63 0.30 8.83 <.0001
_ ) OY'Y Y0 & p 2.58 0.28 9.26 <.000L
_ )0 000 00 p 2.72 0.29 9.5 <.0001
_ YO wd 60 7Yp 2.76 0.30 9.34 <.0001
_ Y600 YD 6 p 2.62 0.30 8.85 <.0001
_ Y60 O"YD O p 2.70 0.29 9.35 <.0001
_ ) 0 O°YD 00 p 2.75 0.30 9.29 <.0001
_ )0 00 060 p 2.74 0.28 9.66 <.0001
First _ ) OYow 06 & p 3.25 0.29 11.14 <.0001
Stage T g
| oYY -0.06 0.01 -4.4 <.0001
| YOOO p -0.07 0.03 -2.26 0.0246
| oY 0.33 0.04 7.29 <.0001
| "OYO®D 'O0 O 0.17 0.02 7.68 <.0001
Autoregressive
3 0.65 0.04 -15.88 <.0001
Parameter
Model  fit Oi8dwf 0.007
statistics Regress FSquae 0.998
Total RSquare
(computed f_rom the 1.000
autoregressive modg
residual}
Durbin-Watson Test 2.030
Param_eter Variable Coefficie| Std. t-value Pr>t
Notation nt Error
Second | | )VLO®WL™O0 p | 3270 | 5.07 -6.45 <.0001
Stage 1 ) YYYYOO p | 3232 | 496 | -651 | <.0001
1 ) OY'Y'YOO p | 3270 | 489 | -6.69 | <.0001
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1 )6 600006 p 3223 | 4385 -6.65 <.0001
) )Owb 60°Yp | 3057 | 475 -6.44 <.000L
] )6 00 YOO p | 3224 | 5.03 -6.41 <.0001
) )600"YOO p | 3332 | 517 -6.45 <.0001
) ) 6 'O°YD "006 p -31.48 | 4.82 -6.53 <.0001
| ) 6 060 060 p 3155 | 4.72 -6.68 <.0001
| ) OYO' OO0 p | 2077 | 4.62 -6.45 <.0001
I "00 YO -1.20 0.19 -6.37 <.0001
I 000 -3.11 0.26 -12.1 <.0001
I YOO 0.91 0.13 6.89 <.0001
I 000 2.21 0.36 6.11 <.0001
I oY 0.39 0.14 2.85 0.0047
I YO®O 1.32 0.36 3.62 0.0003
f Y'Oomd TOY 012 | 0.03 -3.63 0.0003
I o0y 0.00
i 00 0 0.25 0.10 2.4 0.0168
” Autoregressie
0.53 0.05 -10.33 <.0001
Parameter
Model  fit oiad O 0.050
statistics Regress FSquare 0.998
Total RSquare
(computed from the 1.000
autoregressive modg '
residual}
DurbinrWatson Test 1.982
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All variables in Model 1b are sti significant at 95% confidence levélhe sgns of the
variables do nothangefrom Model 1-a except TUSSEA route indicator variableandO 0OY
The coefficients othe route indicatorvariables are smaller than Modelal meaning that the
impact d route indicator variables on passengers is smaller if we account for time serial
correlation. Positive autoregressive parameters indiegie and secorstage modealverify the
detection of positive autocorrelation in Modeal1After considering firsbrder autocorrelation,
the impact of LCOndicatorvariable on airfare reduces as shown by the absolute value of LCC
parameter. Normally, LCC serves an airport in consecutive quarters, so the effect of LCC
indicatorwill be captured by autoregressive @rmsodel. The effect ofthe fuel cost variablean
alsobe captured by autoregressive error mottelthe secongtage model of Model-k, the
impact oftheairfare atthe local airporbnthedemand decreases slightly while impactof the
airfare at the substitute airportincreases slightly. A further discussion of the estimated

parameters in Model-4 and Model 4b will be presented ithe section of discussion of results.

For boththe first-stage model and secosthge model in Model-th comparing with
Model 1-a, goodness of fit improgbecause total Rquare values are close to one. Thalues
from DurbinWatson tests indicate that there is no autocorrelatidhafiirst-stage model and
secondstage model of Model-1.

3.2.3. Model 2 Feasible Generaled Least Squares (FGLS) Model with an Additional
Enplanement Variable

A new modelis built to test the hypothesis that other variables excluded from Modeh hridl
1-b) have impact othe local airporé demand. As autocorrelation of the data has alréaen
detected, we will use FGLS estimation. Other varialdash aghe flight legs atthe substitute
airport income andtheinteraction effect othedriving distanceandairfare at substituent airport
have beentested. The resulindicates that the addtion of the enplanementvariable at the
substitute airporinto the secongtage models appropriate This feasible generalized least

squares model with an additional enplanement variable is called Model 2 in this Thesis.
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variables will not be exXpined again if thg have been used in ModelalandModel 1-b. Also
thesevariablesare containeth Appendix C

Secondstage Model

The firststage model is the same as Moddl. The pedicted airfare fronthe first-stage model

is usedn thesecondstage demand modeTl he secondstage model of Model 2 zelow.

TTdoYY 1 93Qp 1 1TOBYOTT ITHOO 1 1TYODd
F 11000 11 TOY 1 1TY®DO 1 z2°YOMO

2zl TOY 1 00Yf 110606 1 11710y - (35)

WhereO “Yis the total passmger enplanement from the corresponding substitute airport

for the local OD paiiQo all the U.S.destination airports at quarter

Because the firsstage model of Model 2 is the same as Modk) the estimation result
of the firststage modelvill not be shown again. Parameter estimation results and goodness of fit

for the secondgstage model iModel 2 is inTable 3.8
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Table 3.8 Estimation Result of the SecondStage Model in Model 2

| Y0 6 WO 00 p -31.32 5.24 -5.98 <.0001
1 ) YYYYOO p -30.76 5.14 -5.98 <.0001
1 ) OY'Y Y0 d p -31.13 5.07 -6.14 <.0001
) )6 80000 p -30.50 5.04 -6.05 <.0001
) YO wd 60 7Yp -29.00 4.93 -5.89 <.0001
) Y600 YO 6 p -30.95 5.19 -5.97 <.0001
) Y60 O"YD O p -32.02 5.33 -6.01 <.0001
| ) 6 'O"YD "0b p -29.82 5.00 -5.96 <.0001
| ) 6 06 06 6 p -29.27 4.98 -5.88 <.0001
} ) OYo 066 p -27.55 4.87 -5.66 <.0001
f "0 'YO -1.11 0.20 -5.67 <.0001
f 0 ‘00 -3.07 0.26 -11.99 | <.0001
f "YO o 0.96 0.13 7.2 <.0001
f 000 2.38 0.37 6.41 <.0001
f "0"Y 0.29 0.15 1.91 0.0567
f "Y'0& O 1.17 0.37 3.16 0.0017
f Yood TOY -0.11 0.03 -3.16 0.0017
f 0'0"Y 0.00
I 00 0 0.40 0.13 3.2 0.0015
f 0"y -0.43 0.21 2.1 0.0368
. Autoregressive 0.56 0.05 1113 | <.0001
Parameter
Vodel N (oYK" YALY 0.049
stafistics Regress FSquare 0.998
Total R-Square 1.000
Durbin-Watson Test 2.008
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In Model 2, the variabléD "Yhas a negative impact on demand tloe local OD pair.
This meanghatthe substitute airpomvith higher passenger traffic will attract mgrassengers
from the local airportinterestingly, the absolute value of its daeént is close to that 6D () 0.
In other words, the higher traffic titelocal airport, the more passengers it will retain; the higher
traffic at the substitute airport, the more passengers ftom local airportwi | | Al eako
substitute mport. This verifies the existence of positive feedback effectseatocal airporand
the substitute airparand the sensitivities dhe demand orthe local OD pair are similar tthe
total passenger enplanemeiatisthe local airportand the substitte airport Comparing with
Model 1-b, Model 2 hasa higher coefficient ofO () 0. It indicaesthat the positive feedback
effect has been underestimated in Modél Dther coefficienthave experienced small changes
between Models-b and2. Goodness of fifi.e., Rsquares valudpr Model 2is also similar to
Model 1-b, and the result othe DurbinWatson test also shows no autocorrelation exists in
Model 2.

3.2.4. Discussion of Results

Model 1-a is a twestage least squares (2SLS) model to capture the endogeneity between airfare
and demand. Model - has been improved by cecting firstorder autocorrelation and
heteroskedastity in Model l-a. Model 2 usedthe same estimation method of feasible
generalized least squares3[ES) as Model I but introducedne more variable ithe second

stage model. In the three modell the signsof the estimated parameters change slightly.

All variables are significant ahe 95% confidence level. Variables that impact airfare
includetherouteindicatorvariables, passengers, L@@licatorvariable, airfare athe substitute
airport andthe product of unit fuel cost and nestop miles. Passengers impact airfare negatively
when higher passenger traffic intensifies airline competition which eventually leads to lower
airfare. Lowcost carrier (LCC)aailability decreases airfare. Thafare atthe local airportwill
decrease ithe airfare atthe substitute airpodecreases. The positive sign of the product of unit
fuel cost and noistop miles suggests that airfare will increase if unit fuel cost increase -or non

stop miles is longer. Bintroducing a positive autoregressive parameter in Modehtd 2, the
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R-square value of airfare model largely improves. To have a better understandinfare

models in Model 4, airfare against passengers has been plotted in the figure below. The LC
indicatorvariable is set as zero. The lagged residual is set as zero because we are interested in
impact of passengers on airfare in the same time period. Values of other varialiesraran

values in the dataset for tiRouteJAX- PHL. Based on theesults shown idrigure 3.7 airfare

ranges from $164 to $178 when the number of passengeges from 2,000 to 8,000.

168+

Airfare at Local Airport ($)

3

164 1 I 1 | |
2000 3000 4000 5000 6000 7000 8000

Passengers

Figure 3.7 Relationship between airfare and passengers for local OD pair based on faire
model (Model 2)

Based on the result of Model the local airport demand variables includige route
indicator variables, airfare athe local airport flight leg at the local airport seasonality,
population, driving distance, total enplanementthef local airport total enplanement ahe
substitute airportairfare atthe substitute airpgrigroup size and the interaction variable of
group sizeandairfare atthe substitute airparfThe estimated coefficients tifetwo enplanement
variables reflet thatthe positive feedback effeatxist atboththe local airporaindthe substitute
airport The positive feedback effeateansthat an airport with higher passenger traffic will
attract more passenge(slansen,1995) However, Model 1-b does not reflecthe positive
feedback effectait thesubstitute airportand underestimates the positive feedback effect at the

local airport.On the other handheresults of Model 2 suggest that passengers may be attracted
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to the substitute airportot only because of lower airfare but also because more people are using
the substitute airpartThe attractiveness of lower airfare @ie substitute airporwill be
eliminated if passengers travel in a group with more than thesplgg To show how
autocorrelation would impact the estimation resihk, relationship betweethe passengers and

the airfare atthe local airportas in twaestage least squares model (Modeh)land feasible
generalized least squares model (Moddl) Jare presented and compared kiigure 3.8 The
lagged residual in Model-h is set as zero because we are interested in the same time period.
Other variables are the mean values of the 41 observatiottsefétouteJAX- PHL. In Figure

3.8 thenumber of passeyers based on Modeld.is at a scale of ¥dwhich is not realistic. The
number of passengers based on Modbli¢ much smaller at a scale of*1The difference of
Model 1-a and Model 4 suggests that estimation result is misleading if autocorreletiont

considered.

x 10¥

—=—Model 1-a
{ | ——Nbdel 1-b

Demand

100 150 200 250
Aurfare at Local Airport (3)

Figure 3.8 Relationship between passengers and airfare for local OD pair based on demand
model (Model %a and Model tb)

55



A similar plot for Model b and Model Zareshown inFigure 39.

——Nbdel 1-b
—Nbdel 2

Demand

%D I&D 1I5C' 2'&:0 2.I5ﬂ 300
Airfare at Local Airport ($)

Figure 3.9 Relationship between passengers and airfare for local OD pair based on demand
model (Model b and Model 2)

Adding a variable irModel 2 only slightly changes the demand value comparing with
Model 1-b. The number of passengershiodel 2 ranges fronp& p mtop p Ttwhenthe
airfare atthe local airportranges from $50 to $300. Whehe enplanement athe substitute
airportis considered, the demand for local OD pair is less sensititleetairfare atthe local

airport
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CHAPTER 4. SUPPLY-DEMAND EQUILIBRIUM MODEL

A binary logit model is used to determine the market shares of two airports for a population that
i's expected to be served by a | ocal athe por t
region under certain conditions. The airfare model in Chapter (Bsed to determine the airfare
variable inthe binary logit model. A numerical analysis is performed to explménpact of

variables and coefficients on equilibritsolutions
4.1. Model Specification

Discrete choice modeglhave been usedextensively indescriling p a s s e Rigatrchoice
behavios, and airpors tharket shar¢de Luca, 2012; S. Hess, 2005; Hsiao, 2008; Warburg, Bhat,
& Adler, 2006) The underlying objective oh discrete choice model is utility maximization
when theras a set of alternatives to choosem. A binary logit modelasbuilt to undestand
leakagefrom a local airport to a substitutrport Also, the impact of airfareon demand has

been considered.
4.1.1. Binary Logit ModelStructure

Passengés utility of choosing an airport i€Train, 2009).

Y o - (41)

Where

‘(ndexes thairport, of which there are two such thi@&t p or 2.
"Y is the utility of choosing AirporQ

W is the deterministic utility of AirporiQ

- is theunknownpart of utility that is not captured hy.
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Passengers will choose Airport 1 whigse utility of patronizingAirport 1 is higher than
the utility of patronizing Airport 2. So the probability of choosing Airport 1 i

0 OT™ 7Y , which can be furthesritten as follows:

0 O0OOT™ Y O0O0OI6A R 6 R 00iI6A R 6 R
00iRA R 6 6 (4-2)

By assumingthatr andr follow the standard Gumbedistribuion, their difference
R R follows thelogistic distribution(Train, 2009) Derivationof thiscan be checked in Train
(2009).Ultimately, the final expression for thegbability of choosing Airport 1 can be written

in closed form as

) AD®
‘" Zge Age (4-3)

The probability of choosing Airport @ ) can be written in a similar fashiowe know

thatd 0 p, because Airports 1 and 2 are the only airports in the choice set.
4.1.2. SupplyDemand Equilibrium Model Specification

A binary logit model has been developed to estimafgort leakage from a local airport (Airport

1) to a substitutairport (Airport 2. To make the substitute airpor:
passengersthe substitute airport is supposed to provegevices that are superior to those

offered by the local airporThe airfare variable in the airportarket sharenocel is based othe

airfare model from Chapter 3. Thiariable is designed to explain how demand affects airfare in

the passengairfare relationshipsSome asumptions have beenadewhen specifying airport

market sharenodel and airfare model.
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4.1.2.1. Airport Market Sharéviodel

In this model| Airport 1, as mentioned in Equation3} is treated aghe local airport The
populationfor which this choice model applies is from tmetropolitan areshat is expected to
be served by thatocal airport But the oter airport (Airport 2), located in a different
metropolitan area, is also available for the passengesuming that every individual in the
population follows an identical airport choice patteire aggregated market share of the local
airport (Airport 1) will be equal to the disaggregapeobability of choosing the local airport
Thus, the market share of Airport 1 #ospecific destinatiomirport can be calculated in the

following expression.

Age

OY XZe Age (4-4)

W is the deterministic utility of Airporl, andw is the deterministic utility of Airpore.
The attributes inutility functions are different indisaggregate airport choice and aggregate
airportmarket shareGenerally, attributes that are specific to individyalsi ch as a passe
experience, cannot apply to tlerport market share modeln addition, for the important
attributes such as airfare and ground access time, which vary with ré&spedividuals, the
average values are normally used in aggregate airport market share nmotieésnode| three
attributes that were found to be significant in previous studies for explaining airport choice are
chosen, including airfare, flight frequenand ground access distar{€e Hess, 2005; S. Hess &
Polak, 2010)Ground access distance is the distance from ground access origin (such as home) to

the airport.The utility of deparing from Airport "Qo the destinatiois
w |To 11T r1iQ (4-5)

Where

"Ois theaveragairfare from Airport Qo the destination airpqnt=1 or 2.
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"Qis the flight frequencyrom Airport “Qo the destination airpqiit=1 or 2.
"Qis theaveraggground access distance to Airp&or the populationi=1 or 2

| i &£ Qare parameters. They can be interpreted as weights of corresponding attributes in the
utility function.

4.1.2.2. Airfare Model

The airfae term of Airport 1 ("O) in Equation 45 is assumed to befanction ofthe number of

passengearatAirport 1 on the subjeabrigin-destination QD) pair, as shown in Equation@l

"O "Q0 0 Y'Y (4-6)

The airfaremodelis based on the ressibf the feasible generated least squares model
(Model 2 in the previous chapterwhich indicates Equation-3 The lagged residual in
autoregressive model is set as zberausewe only consider thempact of the number of
passengers on airfane the same periodRouteindicatorvariables and nestop miles variable
needto be specifiedvith respect ta specificorigin-destination QD) pair. As a result,he OD
pair fromJacksaville International Airport (JAX) to Philadelphia International Airport (PHi.)
randomly chosen frorthe 10 local OD pairsin Table 3.1 Although we use the empirical model
as defined for theoute from JAX to PHL, the entire modeling exercise itselfbhased on a
hypothetical situationThe airfare moddior Airport 1 is below.

O Ageguv mig 'YDY miy0606
p ™A TO 1N TOYO) 00 O°Y (4-7)

Where
“Yis the total air passenger demandhe metropolitan regioaf Airport 1.
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0 "Yis the market share of Airport IYD) Y 0 6 "YY
0 O "YR¥the numbeof passengers departing from Airport 1 to the destinaiiquort

)0 0 6 p is the low-cost carrier (LCC) indicator variablg¢. p if LCC are available at

Airport 1;)  Ttotherwise.

"O is averageairfare from Airport 2 (.e., the substitute airportto the destination airpqrin

dollars.
"O"Y'0i$ unit fuel cost per gallon

0 00 @onstop miles othe flightfrom Airport 1 to the destinatioairport
4.2. Numerical Analysis

If all the variables exceqt "Yin Equation 47 are known, we are able to obtain a rang&of
values ly inputting0 Y, whichisin the range oft 0 "Y p. Then,by usingthe™O values in
Equation 44, we will obtain the newalues ofb Y, which are theoutput market share of
Airport 1. We say that an equilibrium condition exists whba output market share equals the
input market shatrebecause it is a closed loop feedbatk this section,lte numerical analysis
focuseson equilibrium market shargiventhe valuesof variables and parameteiighe following

descriptions explain hothe basevalues of parameters and coefficients are set.

1. Because we do not have empirical survey data to populate the reodeltion 45), the
values of coefficientgiy A1 @are taken from the literatu(®rooke, Caves, & Pitfield,
1994; Caves, Ndoh, & Pitfield, 1991; Ndoh, Pitfield, & Caves, 1990; Pels, Nijkamp, &
Rietveld, 2000)

2. Different from airfare term of Airport 1he airfare term of Airport 2i(e., the substitute
airport) is not in a function of themarket share airport 2.This isbecause the demand

fleakingd to the substitute airport is only a small paf total demand athe substitute
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airport The total demand will impact airfare at that airpdittus, the average idare
from Airport 2 to the assumed destination is set as $200 per passenger.

3. The nonstop miles variabl¢d "O0 YiSYset as742 miles which isthe flight distance
from JAX to PHL. The same value has been useéstimate theoefficients in Equation
4-7. Thus, the estimated airfare may be more accurate than other$)i@enO ) 1 ¢

miles.

4. Theflight frequency at Airport 1 is 100 flights per quartehile the frequency at Airport
2 is 200 flights per quarteihis meansthat Airport 1 provides one flight per dag the
assumed destination airport, whiksirport 2 provides two flights per day to the

desthation.

5. Average goundaccess @tance to Airport 1 is set a® 3niles.The Orlando International
Airport (MCO) is the substitute airpofor JAX. Based on the driving distance between
JAX and MCQ which is 141 milesthe averageground acess distance tAirport 2 is
171 miles.

6. The total air passenger demand frtma metropolitan area of Airport 1 to the destination
is assumedo be20,000 passengers in a quarter. By assuming that one aircraft provides
200 seats on average, Airport 1 has the capacggtisfy the total demand.

7. The lbcal airport is not éow-cost carrierl(CC) hub, and Tt

8. The wit aviation fuel cost is based ahe record for 2013, which is aroun®3/gallon

(Bureau of Transportation Statistics, U.S. Department of Transportation, 2014c)

The parameters, descriptions, aheir basevalues are listed in the table belowhe
variables and coefficients will be set to different values to assessdmsitive the market share
equilibrium is to these parameteM/ithout specifyingthe exact valugsthe inputsof other

parameters are thmse values indble4.1

62



Table 4.1 Explanation and BaseValues of Parameters in Utility Function and Airfare

Function

Utility Function

Notation Description BaseValue
| Coefficient of Airfare -0.04
I Coefficient of Frequency 1.15
i Coefficient of Ground Access Distanc -0.04
0 Flight Frequency at Airport 1gv 100
Quarter
0 Flight Frequency at Airport 2 per 200
Quarter
o Ground Access Distance to Airport 1
Q ) 30
(miles)
0 Grpund Access Distance to Airport 2 171
(miles)
Airfare Function
Notation Explanation BaseValue
Y Total Passenger Denan 20,000
YOO O p LCC IndicatorVariable, for Airport 1 0
"0 Airfare at Airport 2 ($) 200
"OYO D Unit Fuel Cost ($/gallon) 3
5 00 0"y Non-stop Miles of Flight form Airport 1 742

to the Destination (miles)

According toEquation 47, the vale of"Oranges from $190 to $230henl "Yranges

from zero to oneMeanwhile, other variabdeare set the basealues in theairfare function

Whend Y 18 ¢@'Oequals tdO, which is $200.

4.2.1. Impact of Airfare Coefficient ) in Utility Function

In Figure 4.1, e solid line with no markers is the®4&ference lineAn equilibrium exists when
the output market shar@.e., y-axis) equals tahe input market sharé.e., x-axis), because, by
definition, they are the same value. Therefdhe equilibrium exists where each curve intersects
with the 45 reference lineOnly the equilibrium points reflegeal situations,so we areonly

interested irhow equilibrium pointschangewhenthe valueof a specific coefficient or variable

changesThere are two types of equilibrium points: stable equilibrium and unstable equilibrium.

nlf at t he

i nter sect i bline fom above ast Sancreases; the
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equi |l i br i (Hansan,s1995 Thea ibtuitierofor this ighat after any derivation from the
stable equilibrium, the market share will return to the stable equilibf8irarov, 1996)On the

contrary,after any derivation from the unstablgudibrium, the market share will never return to

the stable equilibriungSharov, 1996)

1

Market Share of Airport 1
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Market Share of Airport 1

Figure 4.1 Equilibria under alternative airfare coefficients in utility fu nction

Thecoefficient is givenfour different valuef -0.01, -0.04,-0.09 and-0.33 as shown

in Figure 4.10nly negative valuesf| areapplied because the sensitivity afility to airfare is

normally negave. Such a negativeelationship can be interpretéol meanthat an airport with

higher airfarereduces the probability of passengers choosing this airport 1@t gs set to

investigateequilibrium market sharevhen| is larger than0.04 |

Tt 1is the basevalue

from Table 4.1There are twgossibleequilibrium points when is larger than (approximately)

0.09. When is smaller than0.09, the number of equilibrium points drops to one. However, if

| decreases to (approximateh).33, there will be two possible equilibrium points again. When

| is smaler than-0.33,the number of equilibrium points increases to three.

Two equilibrium points exist when

T3t p. One is a stable equilibrium at

(approximately)d Y T& ¢ and the other is an unstable equilibriumbaty 1. When

| T8t 7 the unstale equilibriumstays at0 Y T, but themarket share of Airport 1 at
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stable equilibrium reduces. In consideration that the absolute valueepfesentdiow much
consideration a passenger gives to airfare when choosing an airport (i.e., the biglatidare

in utility), the market share of Airport 1 reduces when the weight of airfare increases (meanwhile
| 18t Q In addition, based on the values of stable equilibrium when 18t @the airfare

at Airport 1 (O) is higherthan the airfaretaAirport 2 ($200) according to Equation-4. It can

be interpreted to mean thamore passengers will leak to the substitute airport when airfare is
increasingly important to passengers (under the circumstanceéleakabstitute airport provides
lower arfare than the local airport)Vhen T@& O | T8t wonly one stable equilibrium
exists a) "Y 1. This means thaall passengers will leak to the substitute airport when the
weight of airfare is in a specific range (under the circumstances that airfare at the substitute
airport is $200 wile the airfare at the local airport is $23@hen| @ ¢there are three
equilibrium points. Two stable equilibrium points exisbaty mand0d "Y T respectively,

while one unstable equilibrium existstat 0 "Y 1. The stable equilium atd Y 1

will increasewhen| decreases. In addition, based bte tvalues of stable equilibriunvhen

| @ ¢gthe airfare at Airport 1°0Q) is lower than the airfare at Airport 2 ($20This means

that more passengers will use the locapbat when airfare is increasingly important to
passengers (under the circumstances thatlocal airport provides lower airfare than the

substitute airport).

In conclusion, the airport with lower airfare always laasadvantagén airport market
share.This advantage will be magnified when passengers consider airfare to be more important
when choosing an airportNormally, airfare is more important to leisure passengers than
business passengers, whislevident in thdact that leisure passengers arerenlikely to leak to
the substitute airport when it provides loveerfare However, if the local airport provides lower

airfare more leisure passengers will be retaiattthe local airport.
4.2.2. Impact of Frequency Coefficiefit) in Utility Function

In the utility function, coefficient is giventhreevaluesof 0.01, 1.15 and 2.9. The positive

sign off is fixed, assuming that frequency contributes positivelutibity in Equation 4-5.
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I 18t @s to show theequilibrium resultsvhent is much lowe than the base valie p® v
is the base value from Table 4There are two possible equilibrium points wheis smaller
than (approximately) 2.90. Whenis larger than 2.90, the number of equilibrium points drops to

one.The equilibrium results arghown in the figure below.
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Market Share of Airport 1
Figure 4.2 Equilibria under alternative frequency coefficients in utility function

Two equilibrium points exist wheh 13t p. One is a stable equilibrium at
(approximately)0 Y 1@® y and the other is an unstable equilibrium0aty . The
corresponding airfare at Airport ($190)is smaller than the airfare at Airport 2 ($200) when
0 Y ™ vWhen increases, thearket share of Airport 1 at ttstable equilibriundecreases.
Because the absolute valug ofepresentshe weight of frequency in utility, we can conclude
that the market share of Airport 1 reduces when the weight of frequency increases (under the
circumstance that frequency at Airport 1 is 100 whiégjirency at Airport 2 is 200lt should
also be noticed that airfare at Airport 1 is also changing with respect to different equilibrium
points. Whent  ¢®& 71 only one stable equilibrium exists @ty 1, meaning that all
passengers will use the suhgt airport (Airport 2) when frequency is very importamthem
(under the circumstance thae frequency at Airport 1 is 1Q0@he frequency at Airport 2 is 200,
the airfareat Airport 1 is $230, anthe airfareat Airport 2 is $200).
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In conclusion, the advantage of Airport 2 with higher flight frequency will be magnified
whenpassengers consider frequency to be more important when choosing an ldieporhile
in the long term, when Airport 1 hadower market share, the airfare at Airport 1will iease,
which may furtherreduceits market share. Normally, business passengers are more sensitive to
flight frequency. Thus, it is important for the local airport to know thgo of business

passengers in its market.
4.2.3. Impact of Ground Access DistanCeefficient( ) in Utility Function

As shown in Figure 4,3he coefficientl is giventhreevaluesof -0.01, -0.04, and-3.50. Only
negative values df are used, because the sensitivity of utility to ground access distance is
negative.ln other words,a longer gound access distance reduces the utility and reduces the
probability of choosing an airpor. T8t @s to show the resdtwheny is larger than the
base valug 181 s the base value from Table 4.1. A third valu¢ of ¢&o 1S givento

show the reultswhen is smaller than the base value.

Market Share of Airport 1

r

r

0 0.2 0.4 0.6 0.8 1

Market Share of Airport 1

Figure 4.3 Equilibria under alternative ground access distance coefficients in utility
function

There are two equilibrium points when 18t p One stable edqliibrium exists at

0 Y m& yand one unstable equilibrium existsbatyY 1. The stable equilibrium changes
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very slightly wheri decreases td).04.At its stable equilibrium pointhe airfare at Airport 1 is
$205 according to Equation? This meansthat around 7% of passengers ithhe metropolitan
area of Airport 1 will leak to Airport 2 when airfare at Airport 1 is $286d, as stated earlier,
the airfare at Airport 2 is $200the frequency at Airport 1 is 100 flights per quarténe
frequencyat Airport 2 is 200 flights per quartdhe ground &cess distance to Airport 1 i93
miles andthe ground acess distance to Airport 2 is I1miles).Whenl decreases, thearket
share of Airport 1 athe stable equilibriumncreasesWe can conclude that the market share of
Airport 1 reduces when the weight of ground access distance increask®f(course the
average ground access distance to the laicpbrt is shorter thathe distance to the substitute
airport). It should also be netithattheairfare at Airport 1 also chaergwith respect to different
equilibrium points.The market sharef Airport 1 reachesonewhen [ (& tmeaning that

thereis no airport leakage when the weight of ground access distance is very high.

In conclusion, local airport is more likely to attract passengers that treat ground access
distance as an important factortbgir airport choiceslf the local airport is abléo increasats
market share, it will provide lower airfare in the long teMormally, business passengers are
more sensitive tground access distancéhus, it is important for the local airport to know the
ratio of business passengers in its marlkéeanwhile, in the raining or snowing seasons

passengers are more likelygatronizethe local airport.
4.2.4. Impact of Airfare at Substitut&irport ("O) in Utility Functionand Airfare Function

As shown in Figure 4.4 htee valuesof $150, $200 and $3® for "O have been provided

"O A p usichosen to reflect the equilibrium wh&his lower than the base valu®©® A ¢ Tt 1t

is the base value from Table 410. A o misichosen to reflect the equilibrium whéis
higher than the base alue. There is only one equilibrium that is stablebatyY 1 when

'O A p v WhenO exceeds $150, the number of equilibrium points increases to two. One

stable equilibrium exists @ Y Tmand one unstable equilibrium existdaty Tt

68



...... F,=$150
—A—F_=%$200
0.8f . 2
= —o—F,=$350
)
—
= 0.6 7
kS
o
S o4 \
S 0.4
°
x<
3+
= 0.2 i
a‘ r r r r
0 0.2 0.4 0.6 0.8 1

Market Share of Airport 1
Figure 4.4 Equilibria of market share at Airport 1 under alternative airfares at Airport 2

With the increase 6D (and'O A p ), he market share astable equilibriumpoint
also increase Such aresult not only depends on the impact '@f in the utility function
(Equation 45) but alsodepends orthe combined effect 6D andb "Yon"Oin the airfare
function (Equation 4). Based on Equation-4, changes 60 will lead to dfferent values ofO.

To have a better understanding of h@mpacts'O and further impacts equilibrium, the values

of "Ofor different™O are plotted in Figurd.5.
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Figure 4.5 Relationship between #@fare at Airport 1 (3 ) and market share of Airport 1
@ ) under alternative airfares at Airport 2 (3 )

Basedon Figure 4.5, imien'O A p y ®is alwayshigherthan $170. WhefO A¢ w1
"Oranges from $1900t$230. Sovhen'O A ¢ ntwhetherOis larger thariO depends on the
value of input market share. Wh& A o v fOis always lower than $23 Comparing the
three caseghe change rate D is smaller thariO.

In Figure 4.4when"O is no higherthan $150all passengers will leak to Airport @nder
the circumstance that the airfare Adtport 1 ("O) is higher than $170When"O increasesO
will also increase but at a sloweate Thus, thedifference betwen theairfares at the two
airportsis reduced, and Airport 1 will attract more passengef8 iticreases to $3500 will be

much lower thariO. As a result, all the passengers will use the local airport.

In conclusion, when airline compgtin is intenseat the substituteairport, or lowcost
carriers are available at the substitute airport, the average airthessabstitute airport is likely

to be lower tharat the local airportThe local airports may introduce more airlines to reitsn
market share.
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4.2.5. Impact of Frequencyariable ("Q) in Utility Function

Three values have been givenf@rThis is to reflect the impact th&has on equilibrium when
it is largerthan equal to and smaller th&@ The three values are 3B0Q and 200 When"Qis
smaller than 3, there is one equilibrium point. Whedexceeds 33, the number of equilibrium
points increases to twi2 p 1 E the base value from Table 4When™Q ¢ m,1the flight

frequencies at Airport 1 and Airport 2 are the saiifee equilibrum resuts are shown in the

figure below.
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Figure 4.6 Equilibria under alternative flight frequency at Airport 1

Only one stable equilibrium exists@at’y mwhen'Q ¢ @andQ ¢ m.17This means
thatall passengers #lhelocal airport willfleakdif t h e a iflighpfrequénéyss much smaller
thanthat of thesubstitute airportAt that point 0 "Y ), the airfare at Airport 1 is $230 while
the airfare at Airport 2 is $200f "Qincreases,ite market share of Airport 1 at the equilibrium
will increase.lf thefrequencyis the same for the two airports whéh ¢ mand'Q ¢ m,1the
stable equilibriumexistsat (approximatelyp) Y 1@ v meaning around 45% dhe market
will fleakd to the substitute airport in the long terwhen the flight frequencies at Airport 1 and

Airport 2 are 20Qandthe airfare at Airport 1 is around $2QBe airfare at Airport 2 is $20Qhe
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ground a&cess distance to Airport 1 i 3niles andthe ground acess distance to Airport 2 is

171 miles.
4.2.6. Impact of Frequencyariable ("Q) in Utility Function

Three values oQ have been sets 100, 200and 600" Q p 1 when the flight frequencies at
Airport 1 and Airport 2 are the sani® ¢ 1t 7S the base value from Table 4WhenQ
@ 1,110 equilibrium points est. When'Qexceeds 600, the number of equilibrium points drops

to one.Theequilibriumresults are shown in the figure below.
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Figure 4.7 Equilibria under alternative flight frequency at Airport 2

When"Q ¢ m,70ne unstable equilibrium existstat’Y Tand one stable equilibrium
exists atd "Y T. The market share of Airport 1 at stable equilibrium decreases When
increases. Thimeansthatwhen Airport 2 providesigher flight frequeay, it will attractall of
the passengers from AirportWhen'Q "Q p m,1he equilibrium markethare is around 0.55,
which isthe sameequilibrium value wherQ "Q ¢ m.1By setting other values, it is observed
that the equilibrium does n@hangewhenthe frequency at Airport 1 equals the frequency at

Airport 2.
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In conclusionpassengers dlielocal airport willfileakd if the substitute airporprovides
flights with higherfrequency.With fewer passengers using the local airport, theame=nirfare
at that airport will increase in the long term, which will further reduce its market share. In order
to retain the market share, the local airport needs to be sensitive to the frequency changes at the
substitute airport, and to make sure thdtnes at the local airport provide sufficient flights for
different destinations.

4.2.7. Impact of Ground Access Distan¢ariable ("Q and "Q) in Utility Function

Five sets of values fof2 and "Q have been provided to show market sharelibga of five

locations around Airport 1. Their locations are shown in Figuse

Ao
B 0
‘L Airport 1
C (-]
Legend
I ) . ¢ Airport
E .
141 miles o Location to the north of Airport 1
‘ (] Location to the south of Airport 1
N Location C (1 mile to Airport 1
* Airport 2 ° ( P :

Figure 4.8 Five locations used to show impact of ground access distance on equilibria

The staon the norths Airport 1andthe otherstar is Airport 2. The five locations atfee
five circles in the figurelabeledA to E.LocationA andLocationE are ® miles from Airport 1
while LocationB andLocationD are21 miles from Airport 1.Location Cis 1 mile to the south
side of Airport 1.Because the distance between Airport 1 and Airport 2 are assonhed 41

miles, the ground access distance frobocation A to Airport 2, minus the ground access
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distance fromLocation A to Airport 1, should be equal to 141 mileShus, he ground access
distance to Airport 1 ('Q) and Airport 2 ("Q) from Location A are 30 miles andl71 miles
respectivelyFor LocationE, the sum oits ground access distances to Airport 1 and Airpast 2
equalto 141 miles.Thus, the ground access distanttegirport 1 ('Q) andAirport 2 ("Q) from

Point Eare 30 miles and 111 miles respectivélge equilibriumresults are shown in Figu#e9.

______ A:91:30,92:l71

\ | —A— B:91:21,92:162
C:gl=1,gz=140

—— D:91:21,92:120

—a— E:gl=30,gz=111
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Figure 4.9 Equilibria under alternative locations and ground access distances

Two equiibrium points exist for all five locations. One unstable equilibrium exists at

0 Y mand one stable equilibrium existstatY 1@ v Themarket share of Airport &t the
stable equilibriums approximatly onefor LocationC (Q pandQ p t)mnLocationC is
very close to Airport 1 and can be treated as the centaeoatchment area of Airport When

the ground access distance to Airpor("Q) increases, méet share of Airport 1 at stable
equilibriumdecreases. It is consistentthviindings in previous studies thats the radius around
an airport spreads, market share redu@asellhart, 2007; Lieshout, 2012However, the
reduction rate of market shareasymmetric onthe two sides of the airport. As shown in Figure
4.9, the curves ofLocation A and Location D overlap, and the two locations hatlee same
equilibrium point. However, compared withocation A, LocationD is closer to Airport 1We

can conclude tit the reduction rate afuch market shamn the south side of Airport 1 is higher
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thanon the north side. This is because for locations on the south side of Airport 1,tkéhen
ground access distancethe airport("Q) increasesthe ground accessistance to Airport 2°Q)

decreases.

In conclusion,passengers who live betwedmetlocal and substitute airpcate more
likely to use the substitute airpdftan passengers in other locatiomkis research has eWwn
that an existing local airpostould provide lower airfare and higher flight frequency to attract
passengers. Municipalities planning to build a medsime airport should consider major hub

airportsin other areathat are reachable to the market.
4.3. Discussion

A binary logit modelhas ben specifiedto determine the market shares of two airports. The
airfare model in Chapter i3 used to determine the airfare variablethie binary logit model.
Log-forms ofthe frequencyvariableandthe ground access distangariableare applied irthe

utility functions while the airfare variable is in linear form. The ldgrm indicates that the
impact of a variable changes very slowly (to a point where it does not change at all) when its
value exceeds a tigal value. Many studiedave verifiedthat frequency has such a relationship
with utility (de Luca & Di Pace, 2012; Harvey, 1987; S. Hess & Polak, 2005a; S. Hess, Adler, &
Polak, 200}. However, the form of ground access distaf@meground accestime) variable
varies(Lian & Rgnnevik, 2011; Phillips et al., 2005; Suzuki et al., 2083 whether logform

or linearform is more appropriatéor this variableneeds more work.

The rumericalanalysis is based on some data from prevstudies(Brooke et al., 1994;
Caves et al., 1991; Ndoh et al., 1990; Pels et al., 280@)e artificially constructed valuesnd
distances based on the casetlé Jacksonville International Airport (JAX) in Florida as
discussed in Chapter Bhe input value are chosen to reflettie advantage of airfare and flight
frequency at Airport 2which may attract passengefsom Airport 1. Parameters in the utility
functions aregiven different values to show the sensitivity ofuddprium market sharevith

respecto coefficients, airfare, frequency and ground access distances.
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The coefficients irthe utility function (Equation 45) can be treated as the weight of the
corresponding variable. It was found thHa¢ advantage of loweawverageairfare foreither a loal
airport or substitute airpomvill be magnified when passengers consider airfare to be more
important when choosing an airpdre., the weight of airfare increasesf) the weight of flight
frequency increases, the advantage of higher flight frequanh@irport 2 will be magnified.
Meanwhile in the long term, when Airport 1 hadower market sharats airfarewill increase,
which may furthereduceits market shardf the weight of ground access distaricereases, the
advantage of a local airgofAirport 1) is magnified.In this case, when Airport 1 hashigher
market shareits airfare will decrease in the long term, which nfayther increasets market
share.The increase of airfare at Airport 2 leadsatbigher market sharr Airport 1. Because
of the positive frequency coefficient the utility function, whenAirport 1 provides higher flight
frequency its market share increasé#/henthe frequenciesit Airport 1 and Airport 2 are the
same Ai r p o marketlsiBasat equilibrium remairs at (approximately) Y 1@ v Five
locations on the north and south sides of Airport 1 have been chosen tdhv@hotheground
access distanaempactsequilibrium When the radius around Airport 1 spreads,rtaeket share
reduces. However, the reduction ratasgmmetic on the north and south sileecause theatio

of ground access distancesAtioport 1 andAirport 2 areasymmetridn the two directions.

In future work, this type of model may be populated by real data collectedytheou
survey of air passengersré$ily, the forms and coefficients of variablesthre utility functions
need tabe verifiedusing survey data. Secondly, the airfare model is obtainelDfdrS. airpors
as show in Chapter 3. If airport leakage is identified throwmburvey for anotheairport, the
airfare model should be rebuilt. Thirdlwhen the equilibrium model is applied to a specific

airport, the boundary of the area served by that airport can be explored. further
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CHAPTER 5. CONCLUSIONS AND DISCUSSIONS

This chapter provides an overview this research, and summarizdse majorfindings and
contributiors ofthe previous two chapter¥he Imitationsof this research are discussed, along
with suggestions fduture workin data collection and model building.

5.1. Research Overview

Theoverall objective of thigesearchs to investigatevhat factors affecairport leakagend how

they affect airport leakagen the context of models that consider the ey interactions
between air transportation demand and suppheseincluded empiricd instrumented models

that wereestimated using twetage least squares (2SLS) and feasible generalized least squares
(FGLS) methods as well as a theoreticaltyerived equilibrium model based on a binary logit
specification. The focus of the empirical netsl is to find variables that are significay
replacing the endogenous airfare variabiéh an instrumental variablan an airport demand
model. The focus othe supplydemand equilibrium model is to find equilibrium solutions when

considering airfarésupply) and airport market share (demand) endogeneity.

In the empirical modein Chapter 310 mediumsizeairportswe e i dent i fi ed
airports inthe airport leakageproblem This is based on a number of criteria. These criteria
include: 1) the gbstitute airport shouldelong to Operational Evolution Partnerst@EP) 35 2)
the average airfarat the substitute airport should be lower thah thelocal airport 3) the
averagdlight leg atthe substitute airport should be lower thainthelocal airport 4) 50 percent
more passengers should be usingsihiestitute airport thatnelocal airport to the destinatipb)
the air tripneeds to bever 500 miles6) the destinatioshouldnot be a low-cost carrier (LCC)
hub There are three additionaklection criteria: thathere aresufficient observations ithe
datasetthatevery local airport has only one destination, and that every local airport has only one
substitute airportThe two-stage least square23LS and feasible generalized leastusges
(FGLS) models first estimatkairfare by passengers and other attributes of the air trip, and then

input the predicted airfar@nstrumental variableinto the demand model. The 2SLS model is
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based on a previous stufiuzuki & Audino, 2003)The FGLS models are able to correct the
autocorrelation and heteroskedasticity the 2SLS model.Significant variables that impact
passengers include airfare the local airpat, airfare at the substitute airpoend the driving
distance betweerthe local and substitute airports. Other variables includete indicator
variables,the flight leg at the local airporseasonality, population, group size, total passenger
enplanement athe local airport, total passengenplanement ahe substitute airportand the

interaction variable of group size with airfareta substitute airport.

The supplydemand equilibrium modéh Chapter 4 applethe airfare function fronthe
FGLS model and combideit with a binary logt model. The binary logit model is able to
estimate market share for each of the two airpassumingthat all passengershoosetheir
airport to maximize utility. Airfare, flight frequeey, and ground access distanceevansidered
as the three variag$ inthe deterministic utility function. The total market in this model is a
population thats expected to usthe local airport (Airport 1). Because the input in the model is
the market share of Airport 1 and the output is a@ls®market share of Airpo 1, equilibrium
exists whenthe output equalghe input. Unstable and stable equilibria meobtained when
coefficients and variables the binary logit modelere setto different values This showghe
sensitivity of theequilibrium market shareith respect to airfareflight frequencyand ground
access distance coefficisnairfareandfrequency athe substitute airpd, frequency at the local
airport, and different combinations of ground access distantks. ®efficient in the utility
function regresentghe weight ofthe corresponding variable itihe utility function Five sets of
ground access distances were chosen to repré&smattons onthe north andsouth sides of
Airport 1. The equilibrium results greatly depenoh the values that are assed in numerical

analysis
5.2. Research Findings

Both mode$ from Chapters 3 and ghow thatmajor hub (or substitute) airpsnvill impact the
demand at mediursize local airpog This finding further supports the hypothesis of this

research thaairport lkeakageexists when there are major hub (or substitute) airports near

78



metropolitan regions served by medhsime airports, and these hub airports provide better air
services. In additiora variety of factorswere found to affectlemand atocal airportssuch as
airfare, ground access distaneaplanement, and so oAll factorsthat impact airport leakage
are listed in Tabl®.1 This table shows how the demand or market share at the local airport will

changewhen eacHiactorchanges.

Table 5.1 Factors Impacting Demand at the Local Airport

Thenlocal airport
Feature If feature should
demand will

Airfare at local airport n g
Airfare at substitute airport n n
Average group size n n
Population in metropolitan area of local airport n n
Seasonal fluctuation of passenger traffic to the / /
destination airport

Total passenger enplanement at local airport n n
Total passergy enplanement at substitute airport n 8
Average flight leg at local airport n 8
Weight of airfare n 8/ -/ W
Weight of flight frequency Z 8
Weight of ground access distance Z Z
Flight frequency at local airport Z Z
Flight frequency at substitutérport Z 8
Ground access distance to local airport Z 8
Ground access distance to substitute airport Z Z

It was found in the empirical modeté Chapter 3if a substitute airport provides lower
airfare, the demand dhe local airport will decreaseAlternately if airfare atthe substitute

airport increases, more passengeitsuse the local airportThe positive impactdhet r avel er s o6
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group sizeshows whena largergroup istraveling, passengers prefer to uadocal airport.
Dividing the parameteof airfare atthe substitute airport byhe parameter of the interaction
variable ofthe group size and airfare #te substitute airporshows that the positive impact of
airfare atthe substitute airport will be eliminated whéimere are more than tlegeople in the
group. In other words, lower airfare @he substitute airports not as attractve to passengers
from thelocal airport when passengers travel in a groui@fe or more

In addition to the airfare at a substitute airport, total enplanemt a substitute airport
was found to impact the demand for a local airport. Furthermore, this impact is negative.
Enpl anement at an airport has a Thp vesifies thev e 1 mp
existence of positive feedback effectstlad local airport andthe substitute airportin other
words, the higher the traffic at a local airport, the more passengers the airport will retain; the

higher the traffic at a substitute airport, the more passetigesubstitute airpowill attract.

In the numerical analysis of theupplydemand equilibrium modephassengers may be
attracted to the substitute airport to take advantage of lower airfare and higher flight frequency. If
the substitute airport reduces its airfare, the airfare at the localtawpbalso reduce. As a
combination effect of the two airfares, the equilibrium market share changes. Similarly, if the
Ssubstitute airport provides higher flight fre
airport from the local airport. Ithe long term, the average airfare at the local airpalit
increase, which will further reduce the market share at the local airport. In addition, it was found
that market shares are different for locations e¥eaheir ground access dsces to the kal

airport are identical

5.3. Research Contribution

There arghreecontributions irthis research

1 It has demonstrated thatrport leakage exists whenmajor hub (or substitute) airpast
located within a reasonable driving distanceh&fmetropolitanregionof a local airport,

and provides lower airfare, higher flight frequency, and more direct flighte
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sensitivity of airport demand (or airport leakage) with respect to a variety of factors have
been tested in this research.

The interaction betweenirfare (supply) and demand has been considered thraugh
feasible generalized least squares (FGLS) model, and a sigapignd equilibrium

model.

FGLS estimation was usetb understand the interaction between airfare and air
passengers becausetocorreltion (i.e., time serial correlatiorgnd heteroskedastigye.,

the variance of error term is unequal with respect to the time varael@yesent

5.4. Limitations of the Research

The major limitations ofhis researclre listed below.

T

l

The empirical modefocusal on two competing airports two metropolitan regions. In

the origindestination selection, simplification has been made by considering only one
substitute airport. However, this cannot be applied tdhalicasesof airport leakage.
There are loal airports that are competing with two or more airports. These substitute
airports maybe located in one metropolitan region (i,ea multi-airport region) orin
different metropolitan regionsn either case, the airport should be studied in a different

model

Airport leakagewas identified based on certain selection crite@,10 local airports in
the United StatedHowever, whether the criteria are sufficient to support the existence of

airport leakage is unknown

All the 10 local airports wee asumedto beindependent irthe 2SLS model andhe
FGLS moded. However, some othese 10 airports have the same substitute airport.

Whetherthis factwill impact the result is unknown
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1 Becauséoththeairfare and passenger models have roud&atorvariables,the models

cannot be used for other routes

1 Due tothe time period unit of datairfare and passengers modelgavestimatedn a
quarterly basisit may be biased to use yearly or monthly dataaddition population
and income data are only aeble in years, which may impact the model estimation

result.

1 The sipply-demand equilibrium model waanalyzed numerically with assumptions.
Although some assumptions are based on previous studies, the findingsghom

equilibrium model may vary withifferent values of coefficients and variables.
5.5. Future Work and Recommendations

Future work can be conductdadcluding anair passenger surveyhroughthis surveywe will

obtain informationaboutp as senger s 6 ¢ r ,doidentify ahetber apert leakageg i n s
exists for the subject airport. Thean airfare and airport passenger model can be built
specifically for airports where airport leakage has been observed. Furthermore, models can be
built differently for business travelers and leisure tlangeif the trip purpose is investigated in

the survey.Furthermore survey data are helpful to estimate coefficienta Ininary logit model

or other discrete choice models.this research, ore attributes can be consideredhe utility
functionin adlition to airfare, flight leg and ground access distance. Meanwhile, real values will

improve equilibrium results.

More research opportunities will lmeeatedby different combinations of approaches. In
the study ofthe supplydemand equilibrium model, ware able to obtain the market share
equilibria for five locations arounthe local airport. In combination with geograpaisoftware,
the supplydemand equilibrium modeVill be able to showthedistribution of market shaiie the
entire metropolitararea of a local airport Based orthe literature reviewa spatial competition
model assumes even distributiontieé market inthe airport catchment are&patial competition
model may be improved in combitian with geographical approaches. Alsa spatial
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competition model can combine widldiscrete choice model to account for characteristi¢theof
market when highlighting the impact of airport accessibility on airport denharmbnsideration
of passengertsdrpog pomeettatsi wnepn aies dlso competéhe geographial
approach is able to show market distributidleanwhile, game theory with mathematical

optimization anda discrete choice model is able to shtve supplyanddemand interactian
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APPENDIX A. DESCRIPTIVE STATISTICS OF DATASET

Table A. 1 Descriptive Statistics of Leakage and Substitut®rigin -Destination (OD) Pairs (Quarter 1, 2004- Quarter 1, 2014)

Local | Destination| Passengery Average| Flight | Non-stop | Substitute| Passengery Average | Flight legs| Driving
Airport | Airport for Local | Airfare | Legs Flight Airport for Airfarefor for Distance
OD Pair | for Local | for Distance Substitute | Substitute| Substitute to
OD Pair | Local | for Local OD Pair OD Pair | OD Pair | Substitute
oD OD Pair Airport
Pair
JAX PHL 112,265 | 142.63 | 1.24 742 MCO 612,363 125.71 1.07 144
TUS SEA 65,489 173.11 | 1.42 1,216 TPA 395,242 156.18 1.11 181
GRR TPA 29,561 158.64 | 1.72 1,041 DTW 237,723 131.90 1.16 120
CAE LGA 26,531 166.61 | 1.43 617 CLT 266,991 159.78 1.07 88
PWM CLT 17,653 182.75 | 1.68 812 BOS 169,310 160.65 1.21 96
BDL TPA 140,991 | 142.15 | 1.23 1,111 JFK 287,696 134.20 1.03 106
CMH TPA 102,344 | 13850 | 1.30 829 DTW 237,723 131.90 1.16 155
CHS LGA 62,314 171.01 | 1.18 641 CLT 266,991 159.78 1.07 148
CHA DCA 11,309 185.57 | 1.49 523 ATL 385,501 164.42 1.04 106
HSV DCA 42,162 27750 | 1.11 613 ATL 385,501 164.42 1.04 151
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APPENDIX B. BOX PLOT OF EACH VARIABLE IN DATASET
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Figure B. 1 Box plot of passengerper quarter for the local OD pair with respect toeach
local airport
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Figure B. 2 Box plot of average airfareper passengeper quarter for the local OD pair
with respect to each local airport
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Figure B. 3 Box plot of average airfareper passengeiper quarter for the (corresponding)
substitute OD pair with respect toeachlocal airport
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Figure B. 4 Box plot of population in the metropolitan area with respect to each local
airport
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Figure B. 5 Box plot of annual per capita incomein the metropolitan area with respect to
each local airport
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Figure B. 6 Box plot of average flght leg per passengeiper quarter for the local OD pair
with respect to each local airport
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Figure B. 7 Box plot of averageflight leg per passengeiper quarter for the (corresponding)
substitute OD pair with respect to each local airport
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Figure B. 8 Box plot of freight enplanement per quarterfor the local OD pair with respect
to each local airport
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Figure B. 9 Box plot of seasonalityper quarter for the local OD pair with respect to each
local airport
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Figure B. 10 Box plot of passenger portionserved by LCCper quarter for the local OD
pair with respect to each local airport
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Figure B. 11 Box plot of average group sizeper quarter for the local OD pair with respect
to each local airport
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Figure B. 12 Box plot of flight frequency per quarter for the local OD pair with respect to
each local airport
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Figure B. 13 Box plot of flight frequency per quarter for the (corresponding) substitute
OD pair with respect to each local airport
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Figure B. 14 Box plot of passenger enplanemeryer quarter with respect to each local
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Figure B. 15Box plot of passenger enplanemerper quarter at the (corregponding)
substitute airport with respect to each local airport
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APPENDIX C. LIST OF VARIABLES

"0O0 'Y '@ the average airfare per passenger for the local OCCpaguarte.

) ‘Q p is therouteindicatorvariable.) pif the route is forthe local OD pairQand) Tt

otherwise.
0 6 "Y'I¥ the number of passengéos the local OD paifCat quarte.

)0 6 0 p is thelow-cost carrier (LCC) indicator variable. pif 25% or more passengers

used lowcost carriers (LCClor the local OD paiitat quartels; and)  1totherwise.

"0O"Yis the average airfare per passenger for the substitute OD pair corresponding to tB local

pair ‘Gat quarte.

"O"YO s the unit aviation fuel cost per gallon forS. domesic services provided by.S.

carriers at quarte.

c:

"O0 'Gs’Yhe norstop miles of from origin airport to destination airporttioe local OD paiiQ

C

0 "Y'i¥ the number of passengéos the local OD paiitat quarteo.
a £€00 'Y Ois the fitted log value of airfare per passerfgeithe local OD paiitat quarteo.
0 'O"0s the average flight leg per passenigerthe local OD paiitat quartei.

"YOOis the seasonality variable, representsdtotal number of passengers from allS.
airports except the local airport and substitute airport to the destination &nptiré local OD

pair ‘Gat quarte.

0 0 Ois the annual population in the year of quadtir the metropolitan aeeserved by the

local airport(i.e., origin airport) of local OD paiiQ
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"O"Yis the average airfare per passenger for the substitute OD pair corresponding to tB local

pair ‘Gat quarte.
"Y'O® ®the average group size of paggasfor the local OD paiitat quartei.

‘0 "O’¥ the driving distance between local airport and the corresponding substitute fairpiost

local OD pairQin miles.

‘00 Ois the total passenger enplanement from local airport td.8lldestination airports minus

the number of passengerstié local OD paiftat quarte.

‘O "Yis the total passenger enplanement from the corresponding substitute fairgbe local

OD pair"Qo all U.S.destination airports at quarter

| 8| ,and_ are parameterm the airfare model where he subscripf@enotes the local OD

pair, particular to each of the 10 ODirgaepresented in the dataset.
I 81 ,and are parametelis the demand model
is the error term ithe airfare model at quarter

is the error ternmn the demand model

is the firstorder autoregressive parametethe airfare model.

is the firstorder autoregressive parametethia demand model.

T istheerror term inthe autoregressive error modg@lf the airfare mode))which is assumed to

be normally and independently distributed with mean 0 and var, e 0 T,

U is theerror term inthe autoregressive error mod@lf the demand model)which is assumed

to be normally and independently distributed with mean 0 and vai, 0 0 T,
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