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Variations in hub service in the US
domestic air transportation
network

Russell L. Ivy

Florida Atlantic University, Boca Raton, Florida 3343I--{)991. USA

This paper looks at the various types of hubs that have evolved in the air transportation
network in the USA. Since deregulation of the industry at the end of the 1970s, the major
air carriers have expanded their networks to become more competitive, and the number
and types of hubs have grown accordingly. A connectivity analysis using a traditional
matrix approach is used to derive indices which are the basis for the development of a
connectivity classification scheme. In addition, the various service functions of hubs are
explored.
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A hub is generally defined as a central collection
point or node in a transportation system or network.
Usage of the term, however, has become particularly
applied in the air transportation industry of the
USA, largely since deregulation and the advent of
the hub-and-spoke system. In reviewing air trans
portation literature and data sources (both academic
and popular), one encounters the word frequently.
Close scrutiny of places labelled as air hubs, how
ever, reveals that not all hubs are equal in the service
they offer. This paper will briefly identify different
types of air hubs based on existing usage of the term
by the airlines and the Federal Aviation Administra
tion (FAA). The paper does not attempt to clarify
which usage of the term is most correct or appropri
ate. The bulk of the study explores variations in hub
connectivity within the domestic air transportation
network. The connectivity variations of the hub
cities will be discussed with existing literature on the
modelling and the hierarchical nature of hub net
works, and a hierarchical classification scheme will
be developed to identify the various hub categories.

The FAA hub

The initial usage of the word 'hub' in the air
transportation industry was designated by the
Civil Aeronautics Board (now disbanded), and
continued by the Federal Aviation Administration
(FAA). This definition does not look at the usage of
the airport as a transfer centre. In fact, the FAA
classifies all communities with scheduled commercial
air service as one of four types of hub, and
categorizes each hub based on its share of the
nation's annual enplanements. Data for multiple-

airport cities, such as Chicago and Dallas, are
usually summed to represent a community total.

Large hubs, such as Atlanta and St Louis, repres
ent at least 1.0% of the nation's total annual
enplanements. New Orleans and Norfolk, for
example, are classified as medium hubs since their
share of total US annual enplanements is between
0.25% and O. 99°/". Communities like Richmond,
Virginia which represent between 0.05% and 0.24%,
are classified as small hubs, while non-hubs, such as
Gainesville, Florida, enplane less than 0.05% of the
nation's total passengers (Airport activity statistics of
certified route air carriers, 1990). These hubs will
always be designated as FAA hubs throughout the
paper to avoid possible confusion.

Network changes following deregulation

The Airline Deregulation Act of 1978 forced the
industry into a competitive market situation (Bailey
et al, 1985; Brown, 1987; Goetz and Dempsey, 1989;
Meyer et al, 1981). While airlines were adjusting to
the new environment, their network geography
(node-linkage association) was changing accordingly.
Flow efficiency and cost reduction were made higher
priorities (Graham et al , 1983). It became increasingly
clear that concentrating flights at one or more key
regional nodes in their networks could raise the seat
occupancy levels (load factor), thus maximizing the
usage of aircraft (Goetz and Dempsey, 1989;
Lopuszynski, 1986). Such concentration could also
maximize the number of on-line (same carrier) city
pair matchings available to passengers.

These central nodes typically offer non-stop service
to almost every large and medium-sized city in the
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Note: Since the compilation of this list, Midway and Pan Am
Airlines have ceased operations, and USAir has closed its Dayton
hub.
Sources: Hub lists were obtained from the fall 199I scheduless and
route maps of the major carriers. Transfer percentages were
supplied by the US Department of Transportation for the year
ending 1990. Percentages were not separated in multiple-airport
communities.

nation and to smaller cities within the local region of
the node. Numerous arrivals and departures are
scheduled within a short time frame to allow the
connections. This intense type of system has become
known as a 'hub-and-spoke' network, and now
dominates US air transportation.

Table 1 lists the US hubs as designated by the
major domestic carriers, and the usage of the word
hub (not preceded by FAA) throughout this paper
will refer to this group of passenger transfer cities.
The list was compiled by consulting the fall 1991
schedules and route maps of the carriers, and was
confirmed by telephone inquiry to each airline's
public relations department. Not included in Table I
are a few airports labelled by some carriers as mini
hubs. These are large cities that do not serve as
major transfer points within any airline's network,
but do offer some non-stop service on an individual
carrier. For example, Northwest operates a mini
hub at Milwaukee and USAir uses Kansas City as

Table I. Fall 1991 hub cities of the major US carriers.

City

Atlanta (A TL)
Baltimore (BWI)
Charlotte (CLT)
Chicago (CHI)

Cincinnati (CVG)
Cleveland (CLE)
Dallas (DFW)
Dayton (DAY)
Denver (DEN)
Detroit (DTW)
Honolulu (HNL)
Houston (HOU)
Las Vegas (LAS)
Los Angeles (LAX)
Memphis (MEM)
Miami (MIA)
Minneapolis (MSP)
Nashville (BNA)
New York (NYC)
Orlando (MCO)
Philadelphia (PHL)
Phoenix (PHX)
Pittsburgh (PIT)
Raleigh (RDU)
St Louis (STL)
Salt Lake City (SLC)
San Francisco (SFO)
Seattle (SEA)
Washington (DCA)

Carrier(s)

Delta
USAir
USAir
American. Midway.
United
Delta
Continental
American, Southwest
USAir
Continental. United
Northwest
Continental. United
Continental. Southwest
America West
Delta
Northwest
American, Pan Am
Northwest
American
Continental, Delta. TWA
Delta. United
USAir, Midway
America West
USAir
American
TWA
Delta
United
Northwest
United

Transfer
traffic
(%)

67.60
3X.19
74.19
50.34

53.X6
24.13
60.04
48.04
50.19
3X.73
31.72
32.61
22.27
40.34
62.92
25.20
47.76
40.96
21.87
13.75
22.04
32.80
60.64
61.84
55.33
60.25
24.40
28.84
20.03

such. This service was built up to meet travel
demand in markets that some airlines considered to
be underserved.

Hub-and-spoke growth and development

The first domestic hub-and-spoke hubs chosen by
individual airlines were at airports that were already
used by carriers as connection or terminus points for
long-haul, east-west traffic using aircraft that did not
have transcontinental capabilities (Lopuszynski,
1986). These pre-deregulation connecting airports
were in the larger cities in the USA and, as such.
generated high levels of local traffic. Individual
airlines tended to focus their early hub-and-spoke
strategies on those large-city connecting airports in
which they already controlled most of the scheduled
departures. Most of these airports were already well
connected, with non-stop service to other large cities
in the nation. The hub-and-spoke hubs were created
as the carriers simply added many morc flights to
many more destinations or spokes, particularly
medium-sized and small cities, at these facilities to
build up connectivity and create greater overall
efficiency and market control at the hub (Bailey et
al, 1985). In somc cases, particular airports were
selected by more than one carrier as a hub-and
spoke hub. American and United, for example, both
created hubs at Chicago O'Hare, while Atlanta
became a major transfer city for Delta and the now
bankrupt Eastern.

As these initial connecting hubs became saturated
with traffic, other medium-sized cities were chosen
as transfer points, as new airlines developed and as
older airlines expanded their networks. Charlotte,
Raleigh/Durham and Nashville, for example, were
developed as hubs around Atlanta offering travellers
a less congested alternative in the Southeast. Today.
the largest carriers have as many as four or five hubs
scattered throughout the nation. One can divide the
list of hubs from Table 1 into two broad categories:
(1) hubs that were important connecting airports
prior to deregulation, although much less intensely
connected than today; and (2) hubs that achieved
important transfer status after deregulation
(Table 2),

Recently, the cost-effectiveness of the hub-and
spoke system has come under debate. Some hubs,
such as Dayton and Raleigh/Durham, have clearly
been unprofitable (Hirsch, 1993; Pulley, 1992). On
the other hand, Southwest Airlines, which never
adopted the classic hubbing structure. has been
competing well in the industry. It has been argued
that the hub-and-spoke development has been over
done in the USA. There are too many hubs clustered
together (hub saturation) creating too many flights
along many routes and, therefore, empty seats and
declining profits for the major carriers (Hirsch,
1993). Airlines have begun to concentrate operations
on only their most profitable hubs.

212 Journal of Transport Geography /993 Volume / Number 4



Table 2. Pre- and post-deregulation hub cities (1991).

Variations in US domestic hub service: R. L. Ivy

tion models closer to the actual scenarios established
by the major air carriers of the USA.

Current research

"Newark International Airport on its own would be classified as a
post-deregulation hub. People's Express (eventually consumed by
Continental Airlines) developed hub facilities there in 1981.
Source: Hub information was obtained from a series of surveys of
airports and airlines by mail and telephones (in mid-1991). The
years next to the post-deregulation hubs indicate the year of
development as a major transfer hub as determined by the airport
in question.

The changes in the airline industry since deregula
tion have caused a flurry of research. Many studies
have dealt with concerns over the possible loss of air
service for small, perhaps unprofitable cities or
regions of the USA (Chan, 1982; Ivy, 1991;
Kanafani and Ghobrial, 1985; Kiel, 1989; Maraffa
and Kiel. 1985; Rose, 1981; Warren, 1984), while
others have looked at changes in market power and
profitability of the major carriers and larger airports
in the hub-and-spoke environment (Borenstein,
1989; Leigh, 1990; Toh and Higgins, 1985).

As the major carriers have expanded their hub
and-spoke operations, greater interest has sprung up
among researchers in the network design itself.
Geographers have been contributing to theories and
models on hub spacing and interaction within the
network (Chou, 1990; O'Kelly, 1986a; 1986b; 1987).
Hub location models have been used to assess such
interaction based on the number of hubs used in the
network. The one-hub, two-hub and multiple-hub
models have all been presented in the literature
(O'Kelly, 1986a; 1986b). The multiple-hub model is,
of course, the most complex. O'Kelly (1987) has
suggested a heuristic approach (HEUR1 AND
HEUR2 models) to solve the problems of siting
(location of the hubs) and numbering (number of
hubs in the network).

Other work has looked at the hierarchical nature
of hubs within a multiple-hub network (Chou, 1990;
O'Kelly and Lao, 1991). As illustrated by Shaw
(1992), this body of research brings air transporta-

Pre-deregulation hubs:
Atlanta
Chicago
DallasfFt Worth
Denver
Honolulu
Houston
Los Angeles
Miami

Post-deregulation hubs:
Baltimore (1983)
Charlotte (1981)
Cincinnati (1987)
Cleveland (1989)
Dayton (1982)
Detroit (1984)
Las Vegas (1985)

Minneapolis
New York/Newark"
Philadelphia
Pittsburgh
St Louis
San Francisco
Seattle

Memphis (1984)
Nashville (198(,)
Orlando (1989)
Phoenix (1983)
Raleigh/Durham (1987)
Salt Lake City (1982)
Washington, DC (198(,)

Service variations of hub cities

Closer examination of the hub cities listed in Table 1
reveals vast differences among the airports' service
levels and functions. In fact, not all of the locations
listed in Table 1 really function as hub-and-spoke
hubs. As mentioned, hubs of this type are character
ized by many non-stop flights to cities of all sizes.
Also, the very nature of the network structure
suggests that a good portion of the traffic at these
hubs should be transfer (non-local). Some of the
airports labelled by the major carriers as air hubs do
not have true hub-and-spoke functions, at least not
at the same level of intensity as others.

A few of the cities listed as hubs function as feeder
points for a specific carrier's international network.
They are usually well connected with the individual
airline's other domestic hub cities, and also offer
non-stop service to and from the largest markets in
the nation. Thus, they do act as transfer points for
the carrier, but on a less intense level. They are
certainly not important transfer points within the
domestic air transportation network. Los Angeles,
Miami, New York (JFK), Seattle and San Francisco
are all international gateway hubs instead of hub
and-spoke hubs for domestic air networks.

These peripherally located cities have a lower
percentage of transfer traffic at their airports than
almost every other hub on the list (Table 1). A
smaller proportion of their traffic is changing aircraft
at their facility bound for a different final destination.
In addition, the particular carrieres) claiming hub
status at each of the five facilities listed above offer
rather limited non-stop service from them, especially
in comparison with other domestic hub-and-spoke
hubs.

Table 3 looks at non-stop connections between
hubs listed in Table 1 and the FAA hub types. It is
clear that some hubs on the list, particularly the
international gateway hubs, are not as well connected
to cities (spokes) of all sizes as are many of the other
hubs.

An emerging category is what this author refers to
as the destination hub. These are cities that are
popular travel destinations, and as such offer a great
deal of non-stop service to and from large and
medium-sized cities around the nation to meet the
high demand. Orlando, Las Vegas and Honolulu fall
into this classification. In spite of the fact that each
of these cities is claimed by an airline as a hub, all
three generate comparatively low transfer traffic
rates (Table 1), and are not well connected to cities
of varying size (Table 3). Few passengers flying into
these cities are transferring to other domestic loca
tions. Some of the international gateway hubs could
be considered destination hubs as well, like Los
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Table 3. Non-stop domestic connections on all carriers by FAA
hub type (fall 1991).

Airports Large Medium Small Non Total

ATL 27 23 33 24 107
I3WI 22 16 10 19 67
CLT 24 Ii' 27 25 94
CHI 27 29 35 27 119
CYG 27 17 19 7 70
CLE 22 1J 7 3 45
DFW 27 26 25 23 102
DAY 17 6 7 6 36
DEN 25 19 16 24 i'4
DTW 25 16 14 14 70
HNL II 2 3 5 21
HOU 26 16 10 9 61
LAS 22 12 3 I 3i'
LAX 27 17 5 14 63
MEM 23 10 14 20 67
MIA 20 10 4 4 3i'
MSP 26 13 11 30 i'l
BNA 24 14 Ii' 14 70
NYC' 26 17 17 17 7i'
MCa 22 1J i' 4 47
PHL 23 Ii' 12 19 72
PHX 24 16 6 9 55
PIT 25 20 20 33 9i'
RDU 15 12 16 12 55
STL 27 22 16 19 i'3
SLC 11\ 12 7 17 55
SFO 26 14 i' 14 62
SEA 22 7 4 14 47
DCA 25 17 23 19 i'4

Source: GAG Pocket Fligh! Guide, November 1991.
"Includes Newark.

Angeles and New York, due to their popularity as
travel destinations.

Hub connectivity

Because today's hubs, and the carriers operating
them, basically compete with one another for transfer
traffic, the success of a hub can often depend on how
well connected it is to other nodes in the US air
transportation network. The hub airport and carrier
that has a greater variety of non-stop service to
different sized cities in all parts of the nation is in a
better position to attract passengers and, perhaps, to
control markets as well. Atlanta competes with
Charlotte in the Southeast, for example, and Dallas,
Houston and Denver basically compete in the West
for the same transfer passengers.

What follows is a discussion of the measurement
of hub connectivity using a graph theoretical
approach. Graph theory allows one to view the
network as a topological map comprising nodes
(points of economic concentration) and linkages
(routes that connect two nodes). Thus, it shows
network connectivity in a relative sense. This tech
nique illustrates the strength, in terms of connectivity,
and attractive power of the hubs listed in Table 1.

214

Analysing hub connectivity

One graph theoretic method of measuring the
connectivity or accessibility of a node begins with the
construction of a binary matrix that represents the
network abstracted as a graph (Lowe and Moryadas,
1975; Taaffe and Gauthier, 1973). It is a square
matrix in which the number of rows and columns
each represent the number of nodes in the trans
portation network. The horizontal rows represent
origin nodes, while the vertical columns represent
destination nodes. Both rows and columns, of
course, contain the same list of points. The cell
entries of the matrix are assigned a value of either
one or zero. A value of one shows the presence of a
direct (non-stop) linkage between specific nodal
pairs, while a value of zero indicates the absence of
such a linkage. Nodes are not considered to be
connected to themselves; therefore, the principal
diagonal of the matrix (all i.i entries) contains
zeroes as cell entries. Thus, the connectivity matrix
(Cl) shows first-order connections in a transportation
network.

A vector of values that can be used as a crude
measure of nodal accessibility is obtained by summing
the individual rows or columns of the matrix. The
higher the summed row or column value of the node.
the greater the accessibility of the point. This
accessibility index on its own is of limited usefulness.
however, because we arc often interested in both
direct and indirect connections.

The number of indirect connections in a network
can be determined by powering the original connect
ivity matrix (Lowe and Moryadas, 1975; Taaffe and
Gauthier, 1973). The matrix (C1) can be multipled
by itself (resulting in matrix C2) to look at second
order or two-step connections, connections that pass
through an intermediate node, in the network.
Likewise, the third-order connectivity matrix (C3) is
obtained by multiplying matrix C1 by matrix C2. To
take all indirect connections into account, the matrix
should be powered to the Nth order (CN), where N
represents the diameter of the transportation net
work. The diameter is defined as the shortest
topologic distance between the two most distant
nodes in the network. At this stage, all zero
elements disappear from the matrix indicating that
all nodes are connected. Summing the matrix C1
with the powered matrices shows the total access
ibility of each node within the network (accessibility
matrix). The individual rows or columns of this
accessibility matrix (T) can be summed to yield the
gross vertex connectivity for each node in the
network.

Early researchers using the above-mentioned tech
nique (Garrison, 1960; Pitts. 1965), discovered that
while powering the matrix did give the maximum
number of alternative paths in a network, a number
of redundancies (passing through the same node
more than once) were included in the final accessibility
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matrix (1). This was particularly the case for nodes
that were directly connected in the original connect
ivity matrix (CI).

Another criticism by Garrison (1960) was that all
linkages should not be considered equal in import
ance. The more indirect the linkage, the less it
should add to the gross vertex connectivity number.
He introduced a procedure in which a scalar number
(s) that takes on a value between zero and one is
multiplied by the accessibility values in each matrix
powered according to the order of the matrix [T =
sCI + s2C2 + s-'c3 + ... + sNCN]. The real
problem lies in assigning the scalar value (Garrison's
scalar of 0.3 was assigned arbitrarily). The technique,
however, does lessen the importance of indirect
connections relative to direct connections and at the
same time reduces the impact of redundant paths.

Results

The above-mentioned technique was applied to a
study set of 117 nodes to measure connectivity
within the US domestic air transportation network.
These nodes were all US urban areas, excluding four
Hawaiian cities not well connected to the US
mainland, that are classified by the FAA as a large
(total of 28), medium (total of 29) or small (total of
60) hub (the FAA hubs refer to any airport with
regularly scheduled commercial air service). The
purpose was to find out how well connected each of
the airline hubs listed in Table 1 was to cities of
various sizes scattered around the nation. Due to the
fact that there are several hundred FAA non-hubs,
they were excluded to keep the size of the matrix
manageable (117 X 117). The connectivity data for
the original matrix (C1) were abstracted from the
November 1991 issue of the (JAG pocket flight
guide. For each city, all non-stop flight information
on all carriers was recorded.

The matrix was ordered to the third power (C3).
At that point, all of the non-zero elements dis
appeared from the matrix cells. The diameter of this
network is three because one can fly between any
domestic city pair in the study set in three or fewer
flight segments, due to the intense hub-and-spoke
structuring. The accessibility indices for each hub
(from matrix CI and 1) and their respective rankings
are given in Table 4. Note that the hub rankings for
matrix CI (direct connections only) and matrix T
(direct and indirect connections) are slightly different
(Spearman's rank order coefficient of 0.979). The
ran kings show an eastern bias because more of the
117 nodes in the original matrix (Cl) were located in
the East or Midwest than in the western half of the
USA.

A more refined weighting technique was used to
assign a different scalar value to each of the 117
nodes in the network.' This weight was based on the
individual node's share (from the last column in
Table 3) of total direct connections in the network

Journal of Transport Geographv /993 Volume / Number 4
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Table 4. Accessibility indices for matrices CI and T.

Airports Matrix CI Rank Matrix T Rank

ATL H3 2 93:;:;2 2
BWI 4H 16 697:;3 15
CLT 69 4 H3769 4
CHI 92 I 979:;0 I
CYG 63 H X21X3 7
CLE 42 23 63749 20
DFW 79 3 HH66R 3
DAY 30 2H 47457 2K
DEN 60 10 71207 13
DTW 56 II 76515 10
HNL 12 29 20RR9 29
HOU 52 14 69597 16
LAS 37 25 53701 25
LAX 4K 17 6H678 17
MEM 47 IK 63525 21
MIA 34 26 55436 23
MSP 51 15 70247 14
BNA 56 12 742<)9 12
NYC 61 9 Hll14 9
MCO 43 21 6:;272 IR
PHL 53 13 74469 11
PHX 46 19 62542 22
PIT 65 5 R3524 5
RDU 43 21 54992 24
STL 64 7 RIH44 H
SLC 3H 24 47692 27
SFO 46 20 648H7 19
SEA 33 27 48591 26
DCA 65 6 H2696 6

"Includes Newark.

(1969). One advantage of this weighting procedure is
that it allows the FAA non-hub connections to be
taken into account, albeit in an indirect way. The
results of this weighting procedure are given in Table
5. The rankings are slightly different from both the
original connectivity matrix Cl (Spearman's rank
order coefficient of 0.979), and the unweighted
matrix T (Spearman's rank order coefficient of
0.951). Cincinnati and St Louis, for example, are
closely ranked in matrices CI and T from Table 4,
but the weighting procedure requiring the calculation
of a different scalar for each individual node puts a
greater difference in rankings between these two
cities (Table 5). This is because St Louis is connected
to a greater total number of cities (once FAA non
hubs are included), and therefore fares better in the
final ranking of accessibility numbers.

Connectivity and intensity classification scheme

Using the accessibility information from Table 5 and
transfer traffic information from Table 1, the follow
ing classification scheme measuring hub strength was
derived. Hubs are classified as super, major-type A,
major-type B, moderate-type A, moderate-type B,
minor-type A, minor-type B or insignificant (Table 6
and Figure 12

) . The various classifications were
made using a one-dimensional iterative partitioning
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Table 6. Hub strength classification scheme.

Conclusion

Note: Type A hubs have a greater transfer (non-local) passenger
percentage of 50% or greater, while the non-local percentage for
type B hubs is less than 50'X, Crable 1).

This paper focuses on the hierarchical service struc
ture of hub-and-spoke hubs in the USA. Unlike the
various models mentioned earlier, this study focuses
not on the networks of individual carriers, but on the
sum total of all of the domestic airline networks in
the USA. The paper clearly illustrates the hier
archical nature of hub cities within the USA using a
measurement not yet attempted in the literature.
The accessibility matrix (T) gives us a good indication
of which hubs are the most highly connected,
directly and indirectly, to more of the nation.
Therefore, the classification scheme shows us which
hub cities (airports) have the strongest levels of air
service connectivity (regardless of carrier choice) as

Atlanta. Chicago, Dallas
Charlotte, Denver, Pittsburgh,
St Louis
New York, Washington, DC
Cincinnati, Memphis
Baltimore, Detroit, Houston.
Los Angeles, Minneapolis,
Nashville, Philadelphia
Raleigh/Durham, Salt Lake City
Cleveland, Orlando, Phoenix,
San Francisco
Dayton, Honolulu, Las Vegas,
Miami, Seattle

Insignificant hubs

Minor hubs - type A
Minor hubs - type B

Major hubs - type B
Moderate hubs - type A
Moderate hubs - type B

than a reflection on the service offered at the
airports.

The moderate hubs have medium-ranging accessib
ility numbers and include almost one-third of the
hubs from Table I. Only Memphis and Cincinnati
have transfer passenger percentages of over 50%
(type A), although some of the type B moderate hubs
are near that proportion.

Minor hubs-type A and minor hubs-type B have
low accessibility numbers. Again, type A hubs have
transfer passenger percentages of over 50% (Salt
Lake City and Raleigh/Durham, for example), while
type B hubs (like San Francisco and Orlando) do
not.

Miami, Honolulu, Seattle, Las Vegas and Dayton
make up the insignificant category. These are cities
(largely destination or international gateway hubs)
with very low accessibility numbers and transfer
percentages below (in most cases well below) 50%.
Dayton, a USAir hub, was pulled down from that
status in early 1992. These cities are in no way
comparable to the higher domestic connectivity and
major transfer role played by the other hubs from
Table 1.

Super hubs
Major hubs - type A

Variations in US domestic hub service: R. L. Ivy

Table 5. Accessibility indices of individually weighted nodes.

Accessibility
Airports Weight number Rank

ATL 0.054 22.76 2
BWI 0.034 5.53 15
CLT O.04K 15.13 5
CHI (l.060 31.24 1
CVG 0.036 7.57 11
CLE 0.023 2.24 24
DFW 0.052 19.K7 3
DAY O.01K 1.05 2K
DEN 0.043 10.23 8
DTW 0.036 6.90 13
HNL 0.011 0.25 29
HOU 0.031 4.69 1K
LAS 0.019 1.39 26
LAX (UJ32 4.K9 17
MEM 0.034 5.18 16
MIA 0.019 1.34 27
MSP 0.041 K.70 10
BNA 0.036 6.84 14
NYC" (l.040 9.45 9
MCO 0.024 2.50 23
PHL (Ul37 7.18 12
PHX 0.02K 3.44 20
PIT 0.050 16.49 4
RDU 0.028 3.02 21
STL 0.042 10.7K 7
SLC 0.02K 2.72 22
SFO 0.031 4.36 19
SEA 0.024 1.94 25
DCA 0.043 11.44 6

"Includes Newark.

clustering method using the accessibility numbers
given in Table 5 (Aldenderfer and BIashfield, 1984).

Chicago, Atlanta and Dallas are super hubs. They
are the top ranked for accessibility in all of the
matrices that were constructed, and are indeed in a
class by themselves. Because they are large in
population, more centrally located in the nation than
many of the other US mega cities, and each an
important transfer point for more than one carrier
for several years, these cities have been the major
pivot centres for air transportation for more than a
decade. Each has a non-local (transfer) traffic base
of over 50% of its total enplanements. They have a
clear advantage over peripheral hubs like Miami,
New York and Los Angeles in that they are more
proximal to a greater number of nodes in all parts of
the country.

Major hubs-type A are cities with high accessibility
numbers and transfer passenger percentages of over
50 D

;', (excluding the super hubs). Charlotte, Pitts
burgh, St Louis and Denver make up this category.
While the major hubs-type B have high accessibility
numbers as well, their transfer traffic base is less
than 50% of the total traffic at their facility. For
these hubs (New York and Washington, DC), this is
more a reflection of the city in question's popularity
as a final destination (due to sheer population size),
and the fact that both are multiple-airport cities,
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Figure I. Connectivity strength at US hub airports.

the airlines have adopted the hub-and-spoke struc
ture.

The results of this study combined with the recent
downsizing of air service from various hubs gives rise
to certain questions regarding the hubbing phenom
enon and geographic theory on air transportation.
Adopting the hub-and-spoke structure does not
always guarantee cost effectiveness. Why have some
US hubs become lucrative for particular carriers,
while others have become financial burdens? A
more comprehensive study of hub characteristics is
needed addressing such issues as minimum population
threshold of the local market, the number and
geographic distribution of non-stop destinations
available from the facility and flight frequency.
More modelling research needs to be done on the
appropriate competitive spacing of hubs not only
within a single airline network, but within the air
transportation system of the USA as a whole.
Geographers also need to address the concept of hub
saturation and how to determine the appropriate
distribution or density of hubs in a nation. This
continued research could be used as a partial

understanding of why some carriers are more success
fully competitive than others in an industry that has
been very unstable for more than a decade.

Acknowledgements

I The weighting procedure was suggested by Dr
Timothy Fik, Department of Geography,Univer
sity of Florida who reviewed an early draft of the
paper.

2 Figure 1 was produced by Matthew Hinton,
Department of Geography, Florida Atlantic
University.

References

Airport activity statistics of certified route air carriers (annual)
Washington. DC: Government Printing Office, United States
DepartmentofTransportation, Federal Aviation Administration

Aldenderfer, M. S. and Blashfield, R. K. (1984) Cluster Analysis,
Newbury Park, CA: Sage

Bailey, E., Graham, D. and Kaplan, D. (1985) Deregulating the
airlines, Cambridge, MA: MIT Press

Borenstein, S. (1989) 'Hubs and high fares: dominance and

Journal of Transport Geography /993 Volume I Number 4 217



Variations in US domestic hub service: R. L. Ivy

market power in the U.S. airline industry'. Rand Journal of
Economics, 20, pp. 344-365

Brown, A. (19R7) The politics of airline deregulation, Knoxville,
TN: Univcrsitv of Tennessee Press

Chan, Y. (19R2) 'Airline deregulation and service to small
communities', Transportation Research Record, R51, pp. 29-37

Chou, Y.-H. (1990) 'The hierarchical-hub model for airline
networks', Transportation Planning and Technology, 14, pp.
243-25R

Garrison, W. L. (1960) 'Connectivity of the interstate highway
system', Papers of the Regional Science Association, 6, pp.
i2l-l3R

Goetz, A. R. and Dempsey, P. S. (19R9) 'Airline deregulation
ten years after: something foul in the air', Journal of Air Law
and Commerce, 54, pp. 927-%3

Graham, D., Kaplan, D. and Sibley, D. (19R3) 'Efficiency and
competition in the airline industry', Hell Journal of Economics,
14, pp. 11R-l3R

Hirsch, J. S. (1993) 'Big airlines scale back hub-airport system to
curb rising costs', The Wall Street Journal, 12 January, p. A I

Ivy, R. L. (1991) Trials of a small city airport: a case-study of
Gainesville', The Florida Geographer, 25, pp. 41-53

Kanafani, A. and Ghobrial, A. A. (19R5) 'Airline hubbing 
some implications for airport economics', Transportation
Research, 19A, pp. 15-27

Kiel , D. (19R9) 'The effects of airline deregulation in northern
New England: changes in route structures and level of service,
I970-1 9R5', paper presented at the annual meeting of the
Association of American Geographers, Baltimore, MD

Leigh, L. E. (1990) 'Contestability in deregulated airline markets:
some empirical tests', Transportation Journal, 30, pp. 49-57

Lopuszynski, A. (19R6) Perspectives on airline hubbing in the
U.S., Washington, DC: Government Printing Office, United
States Department of Transportation, Federal Aviation
Administration

Lowe, J. C. and Moryadas, S. (1975) The geography of movement,
Prospect Heights, IL: Waveland Press

218

Maraffa, T. A. and Kicl, D. (19R5) 'Air services to cities
abandoned by Piedmont Aviation since deregulation', South
eastern Geographer, 25, pp. 16-29

Meyer, J., Oster, C, Morgan, I., Berman, R. and Strassman, D.
(19RI) Airline deregulation: the early experience, Boston, MA:
Auburn Publishing

OAG Pocket Flight Guide (monthly) Oakbrook, II.: Official
Airline Guide, lnc.. Maxwell Communications Group

O'Kelly, M. E. (19R6a) 'Activity levels at huh facilities in
interacting networks', Geographical Analysis, IR, pp. 343-356

O'Kelly, M. E. (19Rtlh) 'The location of interacting huh facilities',
Transportation Science, 20, pp. 92-IOtl

O'Kelly, M. E. (19R7) 'A quadratic integer program for the
location of interesting huh facilities', European Journal of
Operational Research, 32, pp. 393--404

O'Kelly, M. and Lao, Y. (1991) 'Mode choice in a hub-and-spoke
network: a zero-one linear programming approach', Geo
graphical Analysis, 23, pp. 2R3-297

Pitts, F. (1965) 'A graph-theoretic approach to historical geo
graphy', The Professional Geographer, 17, pp. 15-20

Pulley, R. (1992) 'USAir vows to survive in shrinking airline
industry', The Wall Street Journal, 7 May, p. 134

Rose, W. (19RI) Three years after airline passenger deregulation
in the United States: a report card on trunklinc carriers',
Transportation Journal, 21, pp. 51-5R

Shaw, S.-L. (1992) 'Towards a more realistic modeling of Airline
Hub Networks', paper presented at the annual meeting of the
Association of American Geographers, San Diego, CA

Taaffe, E. and Gauthier, H. L. (1973) Geography ojtrunsporta
tion, Englewood Cliffs, NJ: Prentice-Hall

Toh, R. S. and Higgins, R. G. (19R5) The impact of hub and
spoke network centralization and route monopoly on domestic
airline profitability', Transportation Journal, 24, pp. 16-27

Warren, W. D. (19R4) 'Changing air transportation services for
smaller metropolitan regions: 19RO-19R2', Transportation
Quarterly, 3R, pp. 245-2tltl

Journal of Transport Geography /993 Volume I Number 4


