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aAbstrect

Chenges in the US. domestic eirline route system heve incressed
competition between internstionel gateweys. To sssist in understending
this phenomenon, 8 system of models that predicts sirline passenger flows
resulting from different siriine gstewsy hubbing stretegies hes been
developed. The celibreted models predict beseline psssenger flows quits
sccurstely. The system wes then used to project future treffic ot &
specific sirport under sliternstive hubbing strategies of an sirline. The
results show thst future internstions] treffic st this sirport is strongly
sensitive to the sirline’s choice of strotegy.
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i. introduction

Spurred by the chenges brought by dereguletion, reseerch on eirtine
networking behasvior in s competitive environment has been ongoing et the
University of Celifornis over the past seversi yesrs. The gosl of this
ectivity has been to improve our understsnding of how eirlines configurs
their networks when they ore ot once unconstireined snd unprotected by
government regulstion. Such an understanding is velusble, in the short
term, in guiding infrestructure mensgement snd deployment. More
fundsmentslly, it is en importsnt sspect of the lsrger debste surrounding
the comperstive virtues of reguleted end unreguleted trensportetion
systems.

The research hes focussed on hub-snd-spoke route systems. In such
systems, two exemples of which ere shown in Figure 1, non-stop service {s
offered between & single "hub® sirport snd between ten snd e hundred
"spoke” sirports. This strategy concentretes traffic between meny city-
pairs on o smell number of links, thersby sllowing the use of lsrger, more
economical aircroft snd higher service frequencies. The hubbing sirline
cen thus offer relstively low cost, high quality, one-stop service in spoke-
spoke merkets while mainteining & very strong, ususily dominsnt, position
st its hub.

Our resesrch has centered on these systems for s number of ressons. Most
importsntly, hub-snd-spoke systems have proliferated in the U.S. domestic
industry since dersgulstion. As of 1985, epproximestely fifty such systems
could be identified. Accompenying the development of new hub systems hes
been the strengthening of old ones. Operstions of most mejor domestic
piriines have, like those shown in Figure 2, trended towsrd incressed
concentrstion, s fact that is ell the more striking in light of the growth in
the toisl number of their operstions. Unlike most other consequences of
deraguistion, incressed hubbing wes largely unforseen.

interest in this trend is heightened by its impacts on the sirport system
ond on the geogrophicel distribution of eirline service end troffic. Hubbing
ceuses uneveness in the distribution of both the benefits and the costs



sssociated with air trengpert, while at the sams time closely coupling thet
distribution with ths competitive foriunes of individusl sirlines. Ths net
result is incressed uncerteinty smong end rivelry between eirporis, es
well 8s the communities they serve.

The context of this resesrch dictstes sn epprosch in which equilibration
rether then optimizetion is stressed. The primery objective is to portreys
system where sirlines, travelers, snd verious public sector institutions,
esch in pursuit of its own distinct interests, interact. How such & sysiem
comperes with e hypothetics] optimum is & question of grest interest, but
the immediste gost is to better understend the former rether then
consiruct the istter. So fer, the effort has focussed on one sspect of this
intersction: thet between psssengers chossing routes sand sirlines
scheduling flights. As the resesrch progresses, we hope to be sble to
incorporste more of these sctors into our enslyses, end in more reslistic
waus.

whet follows is an exemple of how this epproech is being used to develop an
understending of the hubbing phenomenon es reisted to the networking of
internations! traffic snd the competition emong internations! gstewsys.® In
Section 2, the background for thie spplicstion is presented. Section 3
describes our model. Calibretion end velidstion of the model ere discussed

in Section 4, while Section 5 describes its application. Finsily, in section 6,
we summerize our results snd discuss the prospects for improving our
model.

rt used by carriers providing direct
_ tiom Gatsways in the U.S. include New




Figure 1 - Examples of Hubbed Route Systems
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Figure 2 - Trends in n-Airport Concentretions’
for Selected U.G. Airiines
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' The n-sirport concentration is defined 8s the proportion of en sirline's
totel flights which originete from iis top n sirperts.



2. Beckground

Although dereguletion directly effected the US. domestic eir trensport
system, its impacts hsve been fell in the internstional sector es well. On
the one hsnd, the US. government, convinced of the its success on the
domsstic front, hes eggressively pursusd liberslizstion of competitive
restrictions impased by bileterel sgreements. 0Of grester relevence here
sre the impects that heve erisen through the strong inherent linksges
between the domestic snd internstionel systems. These exist for iwo
reasons. First, U.S. domestic siriines, in their sserch for new merkets to
cultivete, hove sought o goin footholds oversees. In eddition, reletively
few US. points can economicelly support direct service to foreign
destinstions. A sizeble proportion of internstionsl trips thus reguire
travel on the domestic system.

in itght of these circumstences, it is herdly surprising thet incressed
domestic hubbing hes effected petterns of internstionsi service. When
psssengers from meny origins sre funneled through & single point, thet
point becomes e likely cendidete to receive internationsl service.
Conversely, eirlines competing in internstionsl mearkets have every
incentive to strengthen domestic services to their getewsys. In short, the
competitive forces unlesshed by deregulstion have crested s situstion in
which hubs tend to become internstionsl geteweys, snd interneticnel
gelewsys tend to become hubs.

Tsbles 1 snd 2 illustrate thess points. Tsble 1 shows thet the number of
US. sirports with service to ths most populer Eurcpeen destinstions--
London snd Frenkfurt--incressed significently between 1978 end 1985.
Becsuse these points ere themselves mejor connecting points, the incresses
sffect service to ell of Europs. Toble 2 shows thet US. sirlines offering
internotionel servics, greotly strengthened domestic feed into their
geteways between 1978 and 1985. This trend underscores the strong
complimentarity between the domestic and international services of US.-
flsg corriers, s factor U.S. government tends to overlook in its pursuit of
“apen skies” in internstionel eir tronsport.



Teble 1 - Gateways te Selectsd Destinstions,

1978 and 1985
Totsl Gatewsys U.S. Flag Getewsys
Destination 1878 1885 1878 1885
London i3 17 12 i7
Frenkfurt 3 12 3 )
Peris 7 g 3 5
Amsterdsm S S 2 i
Copenhagen 4 4 1 i
Rome 2 2 2 2

Teble 2 - Domestic Online Feed Strength,
1978 snd 1985

On-Line Feed Number of Csteways
1978 1883
<10000 snnuai depsrtures it 13
10000-49999 3 3
50000 0 6
mesn 14632 28176

Internstions! gateways in the United Ststes thus fsce many of the same
uncertsinties ss domestic hubs. Pessengers msy choose between sny of the
getewsys with direct service to their desiinetion, or mey elternstiveiy
select connecting service through e Europesn point. Alritnes, similsriy,
have incressing flexibility (though less then in the domestic context) in
choosing from which gstewsys to offer whet service. The close coupling
between domestic snd internationsl services smplifies the impsct of these
choices on sirport traffic, snd thus on fecility requirements snd revenue
streams st getewsy sirports.

This reseerch is cencerned primerily with looking for & method to
incorporste the effects of internstionsl hubbing behsvior on sirpert treffic
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forecesting. in order to do this, we sttempt to build s madel of treffic
distribution smong gstewsys end smong sirlines. The model represents
merket response to siriine network configurstions end getewey strategies.

Airlines compete in the internstionsl merket on meny levels. The most
obvious of these is fare competition. However, 8 review of feres st sny
point in time revesls thst carriers typicelly menage tc metch esch other's
fsres. They then continue to compete by sdjusting their service pstierns.
Here they cen adjust cepacities, service pstterns (direct versus
connecting) snd other espects such ss schedules, sircraft types snd so
forth. wWe ore concerned here with the selecticn of geteweys for
internstionsl connections, snd with the provision of domestic feed
{connecting) services st these gstewsys. Passengers with demends between
origin snd destinstion city peirs will then respond by selecting cerriers
ond goteweys to use for their internstionsl journeys. Our model ettempts
te cepture this behavior.

3. The Model

The chaice process involved in the problem es defined sbove is 8 two-level
process end described ss follows: 8 US. pessenger with en internstionsl
destination® hes @ choice emong corriers, ond smong getewoys offering
international services. Even for 8 passenger who originstes st a city which
is itself & gatewsy, the option remains, 8s is often taken, to fiy vis enother
internstionsl getewey. There ere numercus weys to cherscterize this
choice process, smong them:

3To fix ideas, both our discussion and model focus on travel framthe United
States foBurope. We assume, however, that both wouid apply equally to
travel in the opposite direction.



A. A simulteneous getewsy-eiriine choice model postuistes
thet the sitributes of esch sirline end gstewsy ers considered
simultsneocusiy tn the ssme equstion. The implied modsl
structure would be:

Passenger

o |

Al1G1T 4262 A3G3 ...

B. A nested choice postulstes thet the two choices eare
sequenced such that one is considerad conditions] on the other.
Both ere then combined in & Bayesisn menner. in this cese the
structure of the choice model would be either of the following
two:

1} Airline choice conditionsl on gatewsy choice:
Passenger

............




2) Gateway choice conditionsl on airline choice:
Passenger

while it 1s possible to empiriceily determine which of these model
structures best represents the resi world, one can siso fsvor one over the
others on theoreticel or prescticsl grounds. The complexrity of the
simuiteneous choice structure, perticulerly when the number of option
combinations is 1srge, mskes it more cumbersome thsn the nested
structures. Of the latter, it would sppesr thet the choice of gsteway would
in meny ceses dominete the choice of cerrier, especielly since the
geogrsphic srrangements of these getewsys (in the continents! U.S.) mekes
some goteweys infessible for some cities of origin. We have therefore
opted , ot lesst 8s & start, to look st 8 model with the nested hypothesis, in
which getewey choice occurs first oend is followed by eirtine choice. This
mesns thet totsl demoand from sny city in the US. is first sllocoted toc o
gatavsy, and then among the carriers serving that getewsy.

The general stucture of the model is shown in Figure 3. Two getewey shere
submodels ors buill. One exploins the distribution of {raffic originoting ot o
getewsy city smong ovsilable gstewsys, and the other iooks ot the choice of
gstewey for the connecting traffic flows. These sre followed by two eiriine
choice submodels. Agein one of these looks st the choice by treffic flows
thot originete end actuelly travel from a particuler gstewsy city, {.e. non~
stop traffic to the Europesn destinstion. The other looks st the choice by
traffic flows connecting st each hub. A more detsfled discussion of these
models eppesrs in the next section.
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Figure 3 - Model System Structure
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Before proceeding further, an imporient limitation of the model should be
noted. This is the sbsence of considerstion of Europsen hubbing. In other
words, the choice set of geteways is limited to the U.S. gotewey. The choice
of Tlying directly to @ Eurcpesn hub, such s London or Frankfurt, snd then
connecting to 8 Europesn finsl destinstion wes not included in this model.
The resson for this is simply thet dete required to incorporste this type of
option into our mode! were not avsileble. Consequently, the model poses the
first Europesn destination of & trip origineting in the US. as the primeary,
or perhaps finsl destination. Put snother wey, the madel implicitly assumes
that the choice behavior of travelers who mske connections at 8 perticulsr
Europeon gotewey is similer to those who sre destined to those geteweys,
st 1east as far 8as the choice of U.S. gatewsys end siriines.

4. Specificstion and Cslibration

The four submodels described in Figure 3 were specified and then
celibreted using 1965 (third querter) origin destinstion demend dsts from
the U.S. The dets used had numerous deficiencies snd 1t would be outside the
scope of this paper {o describe them. Suffice it to say that we consider our
results rather provisionsl snd think that they would certainiy benefit from
improvemsnts to the dets base. Nonetheless, the results obtsined sppear on
the whole o be quite ressonsble.

Gstewsay Locs] Shore Mode!

This mode! predicts the proportion of trsffic originsting in the local sres
of & goteway that will use direct service between thet getewsy ond s
Europssn point. in genersl, psssengers prefer direct to connecting service,
but other considerstions (e more convenient depsrture time, evailebility of
spece, lower feras, etc.) will cutweigh the sdvanteges of direct service in
some csses. The probebility of this occurring would be expected to
incresse, the grester the number of flights from other gstewsys, snd ths
smoller the number of flights from the locel gotewsy. Furthermore, the
probability of using the locsl gatewsy 1s clearly O when that gateway hes

11



no flights to the desired destinetion and | when that gatewsy hes sl the
flights. Finslly, choosing the locsl getewsy would be expected to be more
likely the closer the getewey is {o Europe, becsuse this would imply o
grester circuity dissdventege for siternative gateways. These
considerstions suggested s model of the form:

(1 Sijit = (DP;;/DP;}80: ,

where 5t is the shere of treffic from getewey i to
destinstion | using the iocal gatewsy;

BPij is the number of non-stap departures from
getewsy i to destinstion j;

DP;  is the totsl number of non-stop depertures
from the US. to destination j;

D is the distence to London (s proxy for
distance to Europe) of gstewsy i, in
thousends of miles;

g is a parameter to be sstimsated.

g wes estimsted by performing ordinsry lesst squeres on the log-
trensformed version of equstion (1). The resulis sre summerized in Teble
3. The fit of the model is feirly poor, but the hypothesis thet § = 0 {which
would imply thst ell pessengers use direct service when svsilabie} cen be
rejected with & high confidence. The mode! wsas elso found to slightly
outperform ones whare St is 8 fixed constant, snd in which the exponent in
squstion (1) is & fixed constant rather then s function of distsnce.

12



Teble 3. Summasry of Estimation Results,
Getewsy Locel Shere Model

Stetistic Yolue ignificence Level
g Estimate 0325 0000
R Squered A776 -
F-Steatistic (1,26} 9.617 0254
No. of Observations 27 -

Trensstisntic psssengers who do not use direct service from & locsl
sirport--either becesuse none exists or becsuse they prefer some
eiternetive--use connecting service insteed. The getewey connecting shere
maodel predicts the share of connecting pessengers thet will fly through 8
particulsr gateway. The gstewsy connecting share model was sssumed to be
of the logit form. If the siternstive gastewsys tc @ Europesn destination k
ore indexed t to n, it is sssumed thet the proportion of possengersfusing
getewsy i, S, is:

n

(2) Sy = ZEXP(YMEXP(Vy) =
i=1

The Vj eore utilities associoted with each siternstive gotewoy, snd ore
sssumed to be lineer functions of gatewey ottributes.

The specificstion of e logit model for the getewsy choice problem implies
thet the relstive adventsge of o perticuler getewsy in terms of the
stiributes thet constitute the choice function will diminish s the level of
service continues to incresse. If this model specificstion is borne out by
the empiricel evidence, one possible implicetion is thet there is o limit to
whet siriines con do in consolidsting flights st & specific gotewsy in terms
of stiracting increesing sheres of the morket. But it elso meens thet until

13



this limit is reeched, consolidstion will be is the sirline’'s, end the
pessangers’, sdvsntage. Of course the sxtent to which we cen verify this
empiricelly depends en the specificetion of the choice function ¥(). A
priori, we would expect the choice of 8 gstewsy (o depend on & number of
factors. One is the capacity offered out of it. In our model we specify two
yerisbies for this, the weekiy U.S. fiag flights, and the weekly foreign flag
flights, from eech getewsy to esch Europeen destinstion. The distinction
between the two Is importsnt since it reflects ths fact thet with foreign
fiag carrisrs interiining is necessery st the gstewsy, while the US. flag
cerriers might offer online connection. This of course depends on the
corriers’ domestic feed, which is the next verisble specified in the model.
The domestic feed varisbie is currently specified in an aggregste way. it is
the totsl number of weekly domestic flights into & gatewsy, by 8ll cerriers
snd from sll U.S. origins. it is lster disaggregstad by sirline in the sirline

choice submodel. 4

in order tc sccount for the geographic effect of gatewsy locetion, since the
need to beckireck in order to use e perticulsr gstewsy is likely to reduce
its choice probsbility, we specified the sir distsnce to London as 8 varisble
to distinguish smong getewsys. Other potentislly significant verisbies
which we ignors in this specification, but which could be of imporisnce for
gatewey choice, include sirport congestion end deleys, weether conditions,
snd chsrecteristics of the domestic feed. These omissions reflect
limitations in dets sveilebilily and resources.

The g priori specification of the choice function is then:
{3) ij = ﬁUSij € ﬁFng + 39& + §Bj,

where USDy, is the number of weekly U.S. Fleg depertures

between US. gstewsy k snd Eurcpe destinstion k;
FDy  is the number of weekly Foreign Fisg depsriures

between j end k;

4The existing version of our model does not disaggregete by city of erigin.
This ig 8 serious deiriment which we hops to remove in the nesr future.

14



DF; is the domestic feed into gatewsy j, in thoussnds
of flight per week;

D; is the getewoy distence to London, in thousends of
miles;

@, B, ¥, end § ere psrameters to be estimated.

Substituting (3) into {(2) and performing some algebre yieids:

(4) LOG(Sy /Sqy.) * C(USDy - USDy)
*ﬁ(F Dmk - FD,&)
+B(DF - D)
+8(D,, - D)

The coefficients were estimated by performing ordinsry lesst squsres on
the sbove equstion.

This approsch sllows some flexibility in constructing the peirwise
comparisons. If traffic is distributed over N slternstives, there sre N-1
degress of freedom snd thus oniy N-1 of 8 possible N(N-1) psirs should be
chosen. In this snelysis, observetions were constructed by psiring one
sirport, heresfter referred to as sirport X, with esch competitor gstewsy.
This procedure in effect normslizes utility resulting from unobserved
service stiributes so that it is zero for sirport X.

initie] results suggested thet the mode! wes misspecified with respect to
the deperture varisbles. This was indiceted, first, by & negative estimste
for £, snd second, by & negetive correlstion between the U.S. flsg deperture
verisble ond the residusis. In oddition, the residusls tended to very
systemstically with the Europesn destinstion. The specificetion was
therefore modified to:

(S} LOG(S i/ Sri) = A{{USDppy ) ~ (USD )S)
+¥{DFm - DFn) +
+8{Dm - Dn)
+ALON + 4FRA + WPAR,

15



where USDy;, DF;, snd D; are defined ss in equstion 3;
LON, FRA, snd PAR sre dummy verisblies corresponding
to Londen, Frankfurti, and Peris;
a,%.8,2,¢, snd w ere parsmeters o be estimsted.

As explsined sbove, index m in equetion S siweys refers to sirport X, while
index n refers to some competing gatewsy.

The cslibration results for this model sre summearized in Teble 4. The
estimated coefficients on the depsrture, feed, snd distence verisbies sli
have the expected signs and fairly high significence levels. The London snd
Psris dummy verisbles sre siso statisticelly significant. We consider the
R2 of 0.76 to be fsirly high for this sort of model.

Table 4. Summary of Estimetlion Results,
Estewsy Connecting Shere Model

Statistic Value Significence Leve

a Estimate 0328 0000
& Estimste 0702 0579
8 Estimote -.2926 0318
4 Estimste -1.052 0003
¢ Estimste -.1857 4700
7 Estimste - 7652 0230
R Squered 7637 -

F-Statistic (5,41) 26.50 0000

Mo. of Observstions 47 -

The sirline locsl shsre model predicts sirline shsres of locsl traffic
between & gotewsey end o Europsen destinstion. Airline locel shere wes
expected to depend primeriiy on siriine shere of depsriures. Previous work

16



has suggests thst this relstionship tskes the form of sn S-curve, so thst
sirlines with high (low) depsrture shsres hsve disproportionstsiy high
{(low) treffic sheres. This relsticnship results from the grester probebility
that high-deperture-shere carriers will offer the most convenient flight
schedules, snd from the resulting tendency for travelers to contsct these
cerriers first when they meske their trevel plans.

Data limitations, combined with the low incidence of direct competition in
transstiantic markets, precluded s statisticslly rigorous snslysis of this
reletionship. To be included in the origin-destinstion semple, an itinersry
must hove ot least one segment on & US. sirline, so foreign-fisg locsl
treffic sheres could not be obtsined. On the other hand, hesd-to-hesd
competition between US. carriers exists in only 8 handful of transatlsntic
merkets. The few observations that were svailsble suggested & straight-
line relstionship betiween depsrture share snd local treffic shere. Such &
reletionship wes therefore sssumed in our model.

Airlina Connecting Share Modsl

This model, which predicts sirline sheres of connecting traffic between a
given US. gstewsy send Eurcpesn point, was anticipsted to hsve @
specification snslogous to the gstewsy connecting shere model. Thus, in
selecting en siriine between & given gstewoy ond Eurcpesn point, connecting
passengers were expected to prefer airlines with higher service
frequencies. Furthermore, these passengers were expected to prefer
sirlines with stronger feed. The g priori specification of the mode! wes
therefore o logit function in which the utility ossocisted with eech
siternstive oirline is e function of the number of depertures it offers
between the gatewsy end Europesn point, as well as the number of flights it
offers from other U.S. points to the gatewsy.

This model was estimated using the ssme patrwise lesst squares procedure
used for the getewsy connecting shere model, except thst in this case, 8
specific cerrier, eirline A, wes used os the utility normelizing slternstive.
The initiel results suggested thet the strength of the feed effect depended
on the identity of the siriine, spperently because of network or scheduling
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differences. The model was therefore respecified te sllow the feed
verisble to be sirline specific. Becesuse of dais limitslions, sirline-
specific feed verisbles could be estimsted for only two sirtines, sirline A
8nd sirtine B. The revised specification {s thus:

(6) LGG(ngijﬁn) = a((DPijm) - (Dpijh))
+ B(FDim)
+ 8(FD, *B),

vwhere Sijm is girline m's shere of connecting treffic between

U.S. gstewsy i and Europesn destination j ;

DPym is the number of weekly depsrtures between U.S.
getewsy i snd Europesn destinstion j offerred by
siriine m;

FDi, is the domestic feed of sirline m into getewsy i,
in thoussnds of flights per week;

B s & dummy verisble equsl to 1 if eirline i is
B snd 0 otherwise; _

€, B, snd § sre psrameters to be sstimsted.

in the dets set used for calibrstion, siriine m (the siriine whose shsre is in
the numeretor of the left hand side of equstion &) is alwsys sirline 4, snd
siriine n is always some competing siriine.

The calibretion results for equstion 6 sre presented in Teble 5. The R2
indicetes ® reesonsbly good fit, end sll coefficients sre ststisticslly
significent. Nonethsless, the utility of this submodel is compromised by
the restricted scope of the feed veriasble. In prsctice, this mesns thst
siriine A merket shares would be overestimeted in situstions inveliving
competition with sn sirline other then B with & strong fead.



Teble 5. Summery of Estimestion Results,
Airiine Connscting Shere Model

Statistic Yelue
« Estimate 1183
¥ Estimste 4911
& Estimete ~-B8.686
R Squered 6443 -
F-Statistic (3,24} 26.50 0000
No. of Observetions 27 -

Yeolidstio

The celibration results described sbove indiceted verying levels of
performence on the pert of the four submodels. To assess the vslidity of
the model system 8s 8 whole, its forecasted psssenger fiow velues were
compered with actus] velues. Figures 4, 5, snd 6 show the results of some
of these compsrisons. In Figure 4, predicted end asctusl total passengers
flows from sirport X to esch of nine Europeon destinstions sre plotted.
Model predictions of the flows are very accurste. In Figure 5, the predicted
snd actusl connecting traffic flows beiween eirport X snd the Europesn
destinstions are compered. Here, the sccurscy is somewhst less. Figure 6
comperes predicted snd ectus! pssssnger flows on sirline A between
sirport X snd these destinstions (as shown in the figure, A did not serve all
nine destinstions in 1985). The sccurscy of this set of predictions is the
lowest of the three. I(n genersl, therefore, the model performs well st
higher levels of eggregetion, its eccurecy diminishing es the fiow
cotegories become finer.

3. Applications

To conclude our investigstion, we used our model system to investigste the
psssenger fiow impacts of slternstive hubbing strategies of sirline A. In
the resl world, on sirline’'s hubbing decisions will be influenced by many
fectors not included in our model, so this application should be regerded as
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Figure 4 ~ Total Passengers at Atrport X
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sn exercise rather than en sitempt to sctuslly predict the sirline's
behsvior. Nonetheless, the resulis underscore the sensitivity of psssenger
flows to specific hubbing strategies, snd the consequent need for sysiem
pienners snd pelicymskers to take them into account.

The applicstion was cerried out by defining three siternstive hubbing
strotegies oirline A might consider. The strotegies were dsfined sgeinst
third querter, 1985 beseline, with esch specifying & psttern of future
operstions growth focussed at & particular gstewsy. in one scensrio, the
focus wes sirport X, which in 1985 served ss A's mejor gstewey. The other
scenorios posited s grodusi shift swey from sirport X es the focus of A's
operstions. in sccordsnce with observed siriine behsvior, the shift in the
istter scensrios was assumed to take the form of sccelersied growth st sn
siternstive gstewsy rsther then & wholessle trensfer of operstions. It
might be motiveted by either merketing considerstions or constreints on
factlity sveilability st sirport X.

Some of the key results of the snslysis of sre shown in Figures 7 snd 8.
Figure 7 projects the impect of sirline A's strategy choice on totsl traffic
between sirport X end the nine Europesn destinations considered in the
madel. If sirline A focusses its growth st airport X, the traffic incresse
over S yasrs is 40%8. On the other hend, the incresse is less than 10% if
sirline A chooses either of the elternstive gotewsys. Figure 8 shows the
tmplications of the three strategies for the performence of sirline A, 8s
measured by i{ts pessengers per depsriure to the nine Europesn
destinstions. If sirport A is chosen, passengers per deperturs is forecest
to increese 20% over the five-yeer period, while 20 end 30 percent declines
in this retio sre projected to result from the other strategies. Berring s
significent downsizing of sirline A's fleet, this would imply reduced load
factors snd esrnings. Thus, our model system, while admittadiy
oversimplified, yields unembiguous resuits in this perticuler cese: sirline
A's best stretegy would be to focus 1ts growth st sirport X, sn option which
would mean substsntisl growth in X's internstionsl pessenger trsffic.
Incidentsily, this option is the one A sppeers to heve chosen.
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Figure 7 - Projected Alrport X Internstionael Passenger Growth
Under Alternative Airline A Hubbing Strotegies
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6. Conclusions and Directions for Further Reseerch

Competition is contegious. The forces uniesshed by deregulstion of the US.
domestic eirline industry heve impinged upon both the internstionsi sir
transport snd the sirport systems. This has resulted in & need io
understend how the hubbing strategies of individue! sirlines sffect both
their own competitive performsnce and sirport traffic levels. The model
system presented here represents 8 first atiempt et portreying these
complex phenomens in 8 set of empiricslly estimsted structurs! equations.
Despite significant limitstions in the scope end level of detsil of the
models os well 8s the dsts necesssry to calibrete them, this initiel effort
has confirmed the viebility of the spprosch while demonstrsting the
significance of sirline hubbing decisions as determinants of airport traffic
and sirline performsnce.

it is clesr that our system falis fer short of fully cepturing the economic
forces thet drive airline networking behsvior. Airlines, sirports, snd
would-be travelers msy esch be seen ss economic entities with distinct
objectives. The sirlines moy be seen os profit-meximizers seeking to fill
their sircraft with psying customers. Afrports might be viewed as growth
meximizers subjected to & revenue constraint, or 8s profiteering
menopolists. Pessengers ere presumsbly utility meximizers who will
choose the service best suited to their individuel preferences. In o
competitive environment, eiriline networks represent the intersctive
outcome of decisions by these three sets of actors, s well as the countless
others with whom these, in turn, intersct.

¥hen held up sgeinst this stendsrd, the ilimitstions of our work become
sbundantly clesr. Only the choices of psssengers sre trested explicitiy.
Anelysis of these is limited in the range of choices included, from which
the options of not traveling st eil snd treveling vie o Europesn gateway sre
excluded, ond the criteris used to meke these choices, which exclude fsre
and origin-specific service verisbles. The model is wesker still in its
trestment of the other sctors. Only one sirline objective--psssengers per
deperture-~is considered, & gross oversimplificetion. More importently,
instesd of actuslly predicting eiriine routing decisions, the model requires



that these be enterad exogenously. The role of sirporis, meanwhile, is left
entirely out of the picture. Thus, we cannot claim that our modsls simulate
the behsvior of & competitive marketploce, but rether only thet they madel
the response of ong set of sctors in thst merkeiplsce 1o the sctions of
snother.

The next phese of our resesrch is simed st correcting some of these
deficiencies. On the one hend, this implies improving the existing
capabilitly 1o model passenger flows. At 8 minimum, the steps to be teken
in this direction includs sdding routings vis Europesn gstewsys to the
choice set, and diseggregsting passengers by origin. Equelly importent, we
intend to develop some cspebility to simulate siriine responses to
passenger flows snd to esch other. With these enhsncemsnts, it is hoped
thet the model will better cepture the competitive reslities motiveting its
development.
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