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Airline Hubs: A Study
of Determining Factors
and Effects

by Paul W. Bauer

Introduction

TheAirline Deregulation Ad (ADA) of 1978
caused many changes in the industry. For the first
time in 40 years, new airlineswere permitted to
enter the industry,and al airlinescould choose
the routes they would serve and the fares they
would charge. Airlineswere also freeto exit the
industry (go bankrupt), if they made poor choices
in these matters. Naturdly, this hasled to many
changesin the way airlinesoperate.

Many aspectsof airline behavior,
particularly fares, service quality, and safety, have
been subjected to intense study and debate. The
development of hub-and-spoke networksis one
of the most important innovationsin the industry
since deregulation, and it has affected al of these
aspects. Yet comparatively little research has been
done on this phenomena.

A hub-and-spoke network, asthe
analogy to awheel implies, isaroute systemin
which flightsfrom many " spoke” citiesfly into a
central "hub" city. A key element of thissystem is
that the flightsfrom the spokes dl arriveat the
hub at about the same time so that passengers
can make timely connections to their find desti-
nations. An airline must have access to enough
gatesand takeoff and landing slots & its hub air-
portsin order to handle the peak level of activity.

An example of a hub-and-spoke
network can be seen in figure 1, which showsthe
location of the hub and spoke citiesused in this
study. From Pittsburgh, USAir offers serviceto
such citiesas Albany, Buffalo, Cleveland, Dallas-
Fort Worth, London, New Y ork, Philadel phia,and
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Syracuseto name just afew. Hub citiestend to 13

have much more traffic than spoke cities. Much
of the hub-city traffic centers on making connec-
tions. For example, over 60 percent of the pas
sengerswho use the Pittsburgh airport hub are
making connections, vs. 25 percent a the Cleve
land spoke airport.

The advantages of hub-and-spoke
networks have been analyzed by severa sets of
researchers. Bailey, Graham, and Kaplan (1985)
discussed the effects of hubbing on airline costs
and profitability.Bascdly, hubbing allowstheair-
lines to fly routes more frequentlywith larger air-
craft at higher load factors, thus reducing costs.
Morrison and Winston (1986) looked at the
effectsof hubbing on passenger welfare, finding
that, on average, passengers benefited from the
switch to hub-and-spoke networks by receiving
more frequent flightswith lower faresand dightly
shorter travel times.

It isimportant to note, however,
that while passengersbenefit on averagefrom
hub-and-spoke networks, there are some detrimen-
tal effectssuch asthe increased probability of miss
ing connections or losing baggage and having di-
rect service converted into connecting service
through a hub (although thisis partially offset in
many cases by more frequent service). Current
public perceptions about the state of airline ser-
vice have been strongly influenced by the transi-
tory problems many of the carriers have had inte
gratingacquired airlinesintotheir service network.
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FIGURE 1

McShen (1986) and Butler and
Huston (1987) have shown another aspect of the
switch to hub-and-spoke networks. McShan argues
that airlineswith accessto the limited gate space
and takeoff and landing slots @& the most desira
ble hub locationsbefore deregul ation have bene-
fited the most from deregulation. Butler and Hus-
ton have shown that the airlinesare very adept at
employing their hub market power, charging
lower faresto passengersflying through the hub
(who typicaly have more than one choice asto
which hub they passthrough) than to passengers
flying to the hub (who have fewer options).

Some of these authors have specu-
lated as to why hubs exist in some |ocations but
not in others. Bailey, Graham, and Kaplan (1985)
and McShan (1986) have suggested that an idea
hub network would have substantial local traffic
a the hub and would be centrally located to
allow noncircuitoustravel between the airline's
hub and spoke cities. However, no empirical
exploration of this issue hasyet been attempted.

In an attempt to more fully under-
stand the hubbing phenomena, this paper looks
for the main factorsthat airlinesconsider in eval-
uating existing and potential hubs, and investi-
gatesthe impact of the hubbing decision on air-
port wraffic.

The paper is organized as follows.
Section | discussesthe cost and demand charac-
teristicsof the airlineindustry that lead to hub
and spoke networks. From these stylized facts
about the airline industry, a two-equation empiri-
cd model isconstructed in section I1. The first
equation predictswhether acity islikely to have
ahub airlineand the second eguation estimates
the total revenue passenger enplanements the
city islikely to generate asa result of the hub
activity. Empirica estimatesare obtained for this
model, using data from a sample of the 115-
largest airportsin the U.S., and are discussed in
section I11. The implicationsof these resultson
the present and futurestructure of the U.S. airline
industry are discussed in section IV.
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I. Characteristics of Airline Demands and Costs
To understand the factorsthat influencethe loca
tion of hubs, it isfirg necessary to look at the
demand determinants and costsfor providingair
service. Basically, people travel for business or
pleasure. Travelers usually can pick from several
transportation modes. The primary modes of
intercity travel in the US., are automobiles, air-
lines, passenger trains, and buses. A traveler's
choice of transport isinfluenced by the distance
to be traveled, the relative costs of alternative
transportation,and the traveler's income and
opportunity cost of time spent traveling.

Aggregating up from individual
travelersto the city level, the flow of airline pas
sengers between any two citiesis largely
explained by the following factors:

1) theair fare between thetwo citiesand the
cost of alternativetransportation modes,

2) the median income of bath cities,

3) the population of both cities,

4) the quality of air service (primarily the
number of intermediate stops and the
frequency of the flights),

5) the distance between the two cities, and
ladlly,

6) whether either of the citiesisa business
or tourist center.

It isimportant to distinguish
between businessand tourist travelers. While
both generate traffic, business travelersare more
time-sensitiveand less price-sensitivethan tourist
travelers. Businesstravelerswould prefer to pay
more for a convenient flight, whereas tourists
would prefer to pay less, even if it meansspending
more time en route. These factorsinfluence the
demand for air service. The cost of providingthat
service can now be discussed.

As with any firm, airline costs are
determined by how much output is produced
and by the price of the inputs required to pro-
ducethat output. Output in the airlineindustry is
usually measured in revenue passenger miles
(rpm), which is defined as one paying passenger
flown one mile. Average cost per revenue pas
senger mile declines as either the average stage
length (the average number of milesflown per
flight) or the average load factor (the average
number of seatssold per flight) increases.

It iseasy to seewhy costsbehavein
this manner. Firg, every flight must take off and
land. These activitiesincur high fixed costs. In
addition to the usually modest takeoff and landing
fees, much more fud is used up when taking off
than a other stagesof the flight. Taxiingto and
from the runways also takes up asignificant
amount of time. Those costsare unrelated to the
distance of the flight or to the number of pas
sengers. By comparison, flying at the cruising alti-
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tude isrelatively inexpensive. Thus, with each

mile flown the high fixed costs per flight are dis
tributed over more and more miles, which lowers
the average cost per revenue passenger mile.
Second, average cost per revenue passenger mile
declines asthe average load factor is increased,
because it is cheaper to fly one airplane com-
pletely full than it isto fly two planes hdf full.

Studies have shown that the cost of
airline operations do not exhibit increasing re
turnstoscae.' In other words, large airlinesdo
not enjoy cost advantagesover small airlinesif
load factorsand stage lengths are taken into
account. Thisdoes not mean that largeairlines
may not have other advantages over their smaller
rivas. One advantagethat they may have is that
they have more flightsto more destinations with
more connections, so that they may be able to
achieve higher load factors, which reduces cost.
Frequent-flyer programsalso tend to favor larger
airlines, since passengerswill awaystry to use
oneairlineto build up their mileagecredits fagter.
The larger airlines, having more flights and more
destinations, are more likely to be able to satisfy
this preference.

Under these cost and demand con-
ditions, the chief advantageto establishing a suc-
cessful hub isthe increase in the average load
factor, which lowers average cost. Hubbing en-
ablesan airlineto offer more frequent nonstop
flightsto more citiesfrom the hub because of the
traffic increase from spoke cities. Passengers orig-
inating from the hub city thus enjoy a higher level
of service quality than would have been possible
if spoke travelerswere not making connections
there. Passengersfrom the spoke cities may aso
enjoy better service, because they can now make
one-stop flights to many citiesthat they may have
only previoudly reached by multistop flights.

Hubbing hasa significant effect on
the demand for air travel through its effectson
both air fares and the quality of air service. Pas
sengers prefer nonstop flights to flightswith
intermediate stops, and if there are intermediate
stops, passengers prefer making "onling” connec-
tions (staying with the same air carrier) to mak-
ing "interline" connections. Nonstop and online
flights minimize flying time and are less stressful
and exhausting to passengers. The devel opment
of a new hub increasesthe number of nonstop
and onesstop flightsin a region, while reducing
multistop flights, which were common on some
routes prior to deregulation. In general, service

I 1 See Bauer (1987 working paper) and White (1979).
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quality increasesfor both the hub city and the
spoke citieswhen a hub-and-spoke network is
created. However, some of the larger spoke cities
could end up worse off, because they may lose
some nonstop serviceto other citiesthat may now
haveto be reached by flying through the hub.

Now the problem of how to deter-
mine whether a particular city might make a suc-
cessful hub, and the resulting implicationsfor the
volume of air trafficat the airport, can be
considered.

II. Empirical Modd of

the Hubbing Phenomenon

The potential for airlinesto serve a number of
city pairsand the flow of passengersbetween
those city pairs depends upon the demand and
cost factorsdiscussed in the last section. Given
these factors, airlines trying to maximize profits
face the simultaneous problem of choosing
which citiesto serve and how to servethem, that
is, which citiesto make hubs, which citiesto
make spokes, and which pairsto join with non-
stop service. Thisisa complicated problem since
the choice of a hub affectsfaresand service qual-
ity and, hence, passenger flows. Decisionshy the
airline'scompetitors will also affect the passenger
flowswithin its system.

To investigate how important each
of the variousdemographic factors discussed
below isin deciding whether a given city would
make aviable hub, a data-set containing informa
tion on 115 citieswith the largest airportsin the
U.S. wascompiled. These citiesrange in sizefrom
New York City, to Bangor, Maine and are shown
in figure 1 with the hub citiesin green and the
spoke citiesin orange. Notice that most of the
hubs are located east of the Mississippi in cities
surrounded by a large population base.

The datawere collected from sev-
eral sources. Information on whether a city was
considered to havea hub airline (if the i-th city
had a hub airline, then b, = 1, otherwise 5, = 0)
and the total revenue passenger miles handled by
the city was obtained from 1985 Department of
Transportationstatistics. Data on the population
(pop), and the per capitaincome (irc) of the city
were obtained from the State and Area Data
Handbook (1984) and from the Survey of Current
Business (April 1986 issue).

In addition, aset of variableswas
collected to identify whether the city was a busi-
ness or tourist center. Thefirst of these variables
(DBTP, "Dummy Business Tourist-Proxy") isa
dummy variable that isset equal to oneif the
totd receiptsfrom hotels, motels, and other lodg-
ing placesfor each city isgreater than an arbitrary
threshold, and is zero if otherwise. This series
was also collected from the State and Area Hand-
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book (1984). A value of onefor thisvariable
should correspond to citiesthat are either a busi-
ness or tourist center. Unfortunately, thisvariable
only measures the joint effect of both activities
and does not distinguish between business and
tourist travelers.

To construct separate measures of
business and tourist activity, three variablesare
introduced. The number of Standard and Poors
500 companies headquartered in each city (corp)
was compiled to be used as a proxy for the busi-
ness traffic that each city is likely to generate.
Measures of the likelihood that a city will gener-
ate significant tourist activity are obtained from
the PlacesRated Almanac published by Rand-
McNally. The measuresare respectively the rank
of the city in recreation (rec) and the rank of the
city in culture (cult). These variableswere trans
formed so that the higher the rank the higher the
city'sscoreswerein that catagory.

In this study, a long-run approach
is implicitly taken that ignores individua airport
characteristics. In the long run, runways, gates,
and even whol e airportscan be constructed.2 The
decision concerning where to locate hubsin the
long run is determined by the location of those
citiesand by demographic variablesthat determine
the demand for travel between cities. Unfortunate
ly, deriving an economically meaningful measure
of location is difficult in this context. Hubs can be
Set up to serve either a national or regional mar-
ket, or to serve east-west or north-south routes.
Thus, while location is an important factor in
determining the location of hubs, constructing an
index that measuresthe desirability of acity's
location is beyond the scope of the current study.?

A moreformal model of the hub-
bing decision can be constructed asfollows. Le
the viahility of agiven airport asa potential hub
bealog linear function of the demographic vari-
ables discussed abovewhere:

(D) H=ay +a, m(pop) + a, in(inc)
+a, DBTP, +a, In(comp)+ as In(rec,)
+a, In(cult) + v,

Here, #7 measuresthe viahility of a hub in the
i-thcity. If thisindex is above agiven threshold
(at which point the marginal cost of setting up
the hub isequal to the marginal revenue that the

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

For short-run analysis, information on individual airport
characteristics is required, This approach will be employed in
future research.

Future research will attempt to look at this question more
directly.
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Parameter Eqimatesfrom Decision to Hub Equation

Parameer Edimate t-statistic
Constant -0.347 -0.627
PP 0.869 1.60
inc -1.57 -0.795
DBTP 0.478 0.920
corp 0.138 1.29
rec -0.00232 -0.902
cult 0.0110 1.46

Per centageof predictionscorrect = 87.0.
Chi-quared satigic = 69.4
SOURCE: Author.

]
TABLE 1

hub bringsin), then an airlinewill set up a hub
there. Thus, hf isrelated to »; asfollows:

(2) b= 1Lifbf = k
0, otherwise,

where k isthe threshold between hubs and
nonhubs and , is dtatistical noise.

The traffic an airport can be
expected to handle will depend on the same
demographic variablesthat also influence
whether acity isa hub, and by whether or not
the city actualy isa hub. Thus, traffic, as mea
sured by revenue passenger miles (rpm), can be
modeled as alog linear function of the demogra
phic variablesand the hub variable:

(3)  In(rpe) = by + b, m(pop,) + b, In(inc)
+ by DBTP; + by In(corp;) + bs In(rec;)
+ by In(cult) + b, b, +e,.

where e, isdatistical noise.

Sincethe model isdiagonally recur-
sive (only one of the equations includes both
endogenous variablesand it isassumed that there

Egimates from Revenue Passenger EnplanementsEquation

Parameter Edimate t-gatigic
Constant 16.6 118.0
PCP 0.545 5.13
inc 1.15 2.73
DBTP 0.914 553
corp -0.0131 -1.46
rec 0.00101 1.71
cult 0.00107 0.922
hub 0.795 4.98
R-squared = 0.850.

Fstatigtic = 86.3.

SOURCE: Author.

TABLE 2
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are no cross equation correlations), each equa
tion of the model can be estimated separately.4
The equation predicting the viability of the hub
was estimated using the Probit maximum likeli-
hood method. The traffic equation was estimated
by ordinary least squares.

II. Results

Results from estimating the above model are
presented in tables 1 and 2. Table 1 presentsthe
parameter estimates from the equation that pre
dictsthe viahility of a hub in any given city. The
overal prediction power of the model is quite
good. The point estimatesof the parametersall
have the expected signs except for the coefficient
on per-capitaincome, though the level of statisti-
ca sgnificanceisvery weak. The high correlation
among most of the demographic variablessug-
geststhat multicollinearity isa problem and that
the standard errorsare inflated leading to lower ¢
dtatigtics. Even with this problem, estimatesfrom
this equation do correctly predict whether or not
acity will bea hub 87 percent of the time.

A city ismore likely to becomea
hub as its population, lodging receipts (DBTP),
or number of S&P500 corporations increase, or
asitsrankingfor recreation or culture improves.
Businesstravelers(being more time-sensitiveand
less price-sensitive) should be more important to
an airline than tourist travelersin the location of
hubs, so that the number of S&P 500 corporations
should be more important than either recreation
or culture. Onetailed testsconducted &t the 90
percent confidence level indicate that increasing
acity's population and number of S&P 500 cor-
porations, and improving the cultural ranking, dl
have nonnegative effectson the viability of a hub
for agiven city, other things being equal . It would
have been reasonableto expect that increasesin
per-capitaincomewould also increasetheviability
of the hub, but higher per-capitaincomes reduce
the likelihood of a city being a hub, although this
result is not statigticaly significant.

The results from the estimation of
the traffic equation are presented in table 2. Mog
of the parameter estimatesare statisticallysignifi-
cant in thisequation. All the estimates have the
expected sign, except the coefficient on the
number of S&P 500 corporations, although it is
not gatistically significant.

Given the construction of the
model, some of these parameterscan be inter-
preted as eladticities. For example, a one percent

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

l 4 The results reported here are not sensitive to the assumption of
no cross equation correlations.
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Nashvilleare situated near the center of the coun-
try, giving them an advantage over Phoenix or

Outlier Cities ' . .
Likey, but do not havea hub Unlikely, but do have a hub go?ﬁ%;:;grtizigﬁ/rgsﬁtwleu Spog?gr?]ugfsdg?il ng
¢l eve!and Raleigh what constitutes hub serviceat acity. Clearly the
San Diego Syracuse activity going on in Chicago by both United Air-
New O”‘?a”S Orlan_do linesand American Airlines is quantitatively dif-
Phoenix Nashvnl_e ferent from what USAir is doing in Syracuse, yet in
Tampa Kansas City this study both citiesare counted as hubs.

SOURCE: Author.

TABLE 3 IV. Summary and Implicationsfor the Future

increasein acity's population would lead to a
0.55 percent increase in revenue passenger
enplanements, while aone percent increasein a
City's per capitaincome would lead to a 1.15 per-
cent increase in revenue passenger enplane-
ments. The coefficient of lodging receipts
(DBTP) can be interpreted as follows. From these
estimates, it can be calculated that cities classified
as business/tourist centers have roughly 2.49
timesthe traffic that other cities have.

The coefficient for the hub variable
hasasimilar interpretation, given its construction.
If two citiesare identical, except that one hasa
hub and the other does not, then the city with
the hub can be expected to have over 2.19 times
more revenue passenger enplanements than the
other city. For example, Cleveland and Pittsburgh
have very smilar demographic characteristics, yet
asaresult of USAir’s hub, Pittsburgh has about 2.3
times the revenue passenger enplanements that
Cleveland has. It was noted earlier that pas
sengers making connections in Pittsburgh
account for most of this difference because only
25 percent of the passengerswho use Cleveland's
airport are there making connections, whereas
over 60 percent of the passengersat Pittsburgh's
airport are there making connections. Clearly, the
creation of a hub greatly increasesthe activity
occurringat an airport.

Table3 presentstwo listsof outliers
asa by-product of the estimation process. The
firg lig is of citiesthat the model predicts should
be hubs, but are not. The second list is of cities
that the model predictsshould not be hubs, but
are. It is likely that San Diego, Phoenix, and
Tampawould not be outliersif alocation variable
were included in the model, since these citieslie
in the southwest and southeast corners of the
country (seefigure 1). Clevelandand New
Orleans, on the other hand, appear to be more
likely candidatesfor future hubs. Other midwest
citiestowatch are Indianapolisand Columbus.

Two factors can explain why most
citiesmade the second list: location and measure
ment problems with the hub variable. Although it
is hard to develop an index for location, it is easy
to get an intuitivefed for it. Both Kansas City and

This paper has explored the characteristicsthat
influence hub location and the effect on airport
trafficasaresult of hub activity. The resultsindi-
catethat population isthe most important factor
determining hub location. An increasein per-
capitaincome leadsto alarger proportional
increasein revenue passenger enplanements,
whereas an increasein population leadsto aless
than proportional increase. One of the most
interesting findingswas that the creation of a hub
a acity leadsto a more than doubling of revenue
passenger enplanements generated at that city.

The framework developed here is
implicitly long run: airlines, passengers,and air-
ports are assumed to have fully adjusted to the
new deregulated environment. Given the recent
merger wave in the industry, this does not appear
to be the case, and many changesare likely in the
coming years. More citieswill probably become
hubs, as traffic cannot increase much further at
some large airportsthat have amost reached their
capacity limits using current technology.

The only question iswhere to hub,
not whether to hub. As the airlineindustry
evolves, it will be interesting to track what
happens to the air service provided to the com-
munitieslisted in table 3. Given the expected
growth in futureair travel, citieson the first list
are more likely to receive hub service than cities
on the second list are to lose hub service.
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