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ASSESSING CHANGES IN AIR SERVICE CONNECTIVITY IN
THE U.S. SOUTHEAST, 1978-1992

Russell L. Ivy

Many changes have occurred in the air transportation industry in the United
States during the past 15 years. Because of the deregulation of the industry,
connectivity and flow patterns have changed significantly, particularly with
the advent of the hub-and-spoke system. This paper looks at changes in air
service connectivity for a group of cities in the Southeast and compares those
changes with cities from other regions in the nation. It was found that average
connectivity growth was greater for the Southeast. As the region has grown in
population and in economic importance, the air transportation infrastructure
has kept pace.

Since the deregulation of domestic airline traffic in 1978, tremendous
change has occurred in almost every aspect of the air travel industry.
Network structures, fares, enplanernent levels, number of carriers, and
service quality were all greatly affected (Bailey, Graham, and Kaplan,
1985; Brown, 1987; Goetz and Dempsey, 1989; Jemiolo and Oster, 1987).
This paper provides a brief discussion of the hub-and-spoke network
structure (largely a product of deregulation), followed by a connectivity
analysis of the 60 largest metropolitan areas of the United States during
the 15 years following deregulation. The analysis looks at changes in
connectivity rank order for cities of different population size, cities from
different regions of the nation and cities with differing service functions
within the air transportation network. Emphasis will be placed on
changes in metropolitan areas of the Southeast and how those changes
compare to the rest of the nation.

THE HUB-AND-SPOKE NE1WORK. While airlines were adjusting to
their newly deregulated environment, their network geography (node
linkage association) was changing accordingly. The hub-and-spoke sys
tem was adopted by air carriers in an attempt to increase efficiency.
Hubs basically act as passenger transfer points. The major carriers cre
ated hubs at strategic regional points in their air networks so travelers
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from numerous origins (spokes) could be routed into the hub city and
then connected with flights to their final destinations (Goetz and Demp
sey, 1989). The hub-and-spoke structure cuts costs by creating greater
overall efficiency with more occupied seats, thus maximizing usage of
aircraft. This new network structure, along with increased cooperation
and code-sharing (on computerized reservation systems) between major
carriers and commuter carriers, made a much greater on-line (same car
rier) city-pair matching available to air travelers (Oster and Pickrell,
1988). Route planners, therefore, approach monthly scheduling differ
ently today than prior to deregulation. Such planning is now more com
plex and important than previously to the profitahility of the company.

Much has been written during the past decade on selection and po
sitioning ofhubs in the air transportation network (Bauer, 1987; Kanafani
and Ghobrial, 1985; Lopuszynski, 1986; O'Kelly, 1986a, 1986b, 1987)
and on hub-and-spoke structures themselves (Shaw, 1992). Lopuszynski
(1986) has identified some common characteristics of hub cities. His
paper is an ex post facto list from a study that looked at hub cities already
in use to find similarities among them. Most hubs were found to contain
several of the following characteristics: 1) a sizable population force with
strong business and commercial opportunities; 2) an advantageous geo
graphic location with respect to other population centers, physical ter
rain, and weather patterns; 3) good airport facilities with adequate room
for expansion of gates and runways; 4) a strong economy and balanced
workforce; 5) air service competition at a minimum acceptable level; and
6) avoidance of existing major hubs. Today, the largest carriers have as
many as four or five hubs scattered throughout the nation creating mo
nopolistic competition in submarkets, Competition among airports for
hub selection by a major carrier has become intense. The expanded
service creates big business for the chosen facility and metropolitan area,
and airport planning boards are more aggressive now than in the past
(Insight, 1988).

CONNECTIVITY CI-IANGE. The widespread adoption of the hub-and
spoke network structure has changed travel flows and connectivity lev
els for most metropolitan airports. Traffic has been spread out over a
greater number of cities. The top ten U.S. airports (in terms of enplane
ments) carried 42% of domestic traffic in 1978 compared to 340/0 in 1990
(Ivy, 1992). Also, the very nature of the hubbing structure requires the

, hub to be connected to a great number of nodes in the network.
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To analyze the degree of change for hubs and spokes alike, nonstop
connection data were collected from the schedules of the major carriers
published in the Official Airline Guide (OAG) for each July from 1978
through 1992. Due to the time involved in the data collection process,
the study set was limited to the 60 largest metropolitan areas in the
United States at the end of the 1980s. It should be noted that air service
to small cities was also affected (although not part of this study) and has
been the subject of recent research (Chan, 1982; Ivy, 1991; Kiel, 1989;
Maraffa and Kiel, 1985; Warren, 1984).

METHODOLOGY AND RESULTS. While it is recognized that flight
frequency is an important issue to air transportation service, the meth
odology of this study deals only with presence or absence of service. To
obtain the connectivity measurements used in the analysis, binary ma
trices were constructed for the 60 urban areas for each of the 15 years in
the study period. Each 60 x 60 matrix had cell values of either one or
zero. A value of one was assigned to the cell if a direct air service con
nection existed between the particular city-pair in question. If such a
connection did not exist, then the cell was assigned a value of zero.

The simple set of matrices (1978-1992) was used to measure connec
tivity from a traditional graph theoretic approach (Lowe and Moryadas,
1984; Taaffe and Gauthier, 1973). Such an approach views distance as
the number of segments between nodes, not the absolute distance in
units such as miles or kilometers. The row values were summed to give
the nodality index or gross vertex connectivity number for each node.
The larger the nodality index, the greater the relative connectivity.
Higher order (indirect) connections were taken into account by power
ing the original connectivity matrix (C1) until all of the zero elements
disappeared from the resultant matrix. Summing the matrix Cl with the
powered matrices (yielding matrix T) allowed the measurement of the
total connectivity within the network (Lowe and Moryadas, 1984;
Taaffe and Gauthier, 1973). Each year's matrix Cl was multiplied to the
third power. At this point, all zero elements disappeared from the re
sultant matrices. Thus, the diameter (which is the shortest distance be
tween the two farthest nodes in the network) of each year's network was
three.

Figure 1 shows the absolute values of the 1992 connectivity indices
for the 60 MSAs. 1 Interest particularly focused on changes in the rank
ings (most connected to least connected) of the 60 metropolitan areas
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Fig. 1. 1992 Connectivity Indices

from the beginning of the study period (1978) to the end of the period
(1992). A fair amount of shifting occurred, with seven cities climbing 10
or more positions in the rankings, and an additional 7 cities dropping 10
or more positions (Table 1). The average change in rankings for the study
set as a whole, however, was exactly zero, and the rank-order correlation
coefficient (Spearman's R) between the 1978 and 1992 rankings is a
strong .89, indicating a high degree of similarity in the two lists.

The high climbers of the 60 MSAs were Charlotte ( +22), Cincinnati
(+ 15), Nashville (+ 19), Orlando (+ 15), Phoenix (+ 13), Raleigh/
Durham ( + 14) and West Palm Beach (+ 11). All but West Palm Beach
were airports selected during the 19805 as a transfer hub by a major
airline. Five of the cities are located in the Southeast, illustrating the
continual growing significance of this region in the economic structure
of the United States.

The urban areas that dropped 10 or more positions in the rankings
between 1978 and 1992 were distributed fairly evenly around the nation,
with only the West not represented. Birmingham (-11), Buffalo ( -13),
Oklahoma City ( - 16), Milwaukee ( -10), and Tampa ( -15) are cities that
were overlooked by carriers as choices for major transfer centers within
their networks (and also cities that have generally experienced economic
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TABLE 1
CONNECTIVITY RANK ORDER CHANGES IN THE 60 LARGEST
METROPOLITAN AREAS OF THE UNITED STATES: 1978-1992

MSA

Albany
Allentown
Atlanta*
Austin
Baltimore*
Birmingham
Boston
Buffalo
Charlotte*
Chicago*
Cincinnati*
Cleveland*
Columbus
Dallas/Ft. Worth*
Dayton*
Denver*
Detroit*
Grand Rapids
Greensboro
Hartford
Honolulu*
Houston*
Indianapolis
Jacksonville
Kansas City
Las Vegas*
Los Angeles*
Louisville
Memphis"
Miami*
Milwaukee
Minneapolis*
Nashville*
New Orleans
New York/Newark*
Norfolk
Oklahoma City
Orlando*
Philadelphia"
Phoenix*
Pittsburgh*
Portland
Providence

1978 Rank

51
54

4
60
18
41
16
28
30

1
20

7
29

8
32
13
10
58
43
33
59
19
22
47
17
27

9
36
24
14
21
23
31
25
2

42
38
34

5
35
11
44
52

1992 Rank

46
53

2
59
18
52
13
41

8
1
5

15
29

6
38
17
9

58
50
35
56
20
23
39
28
26
16
43
25
24
32
14
12
34

4
42
54
19
11
22

3
47
48
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MSA

Raleigh/Durham*
Richmond
Rochester
Sacramento
St. Louis*
Salt Lake City*
San Antonio
San Diego
San Francisco*
Scranton
Seattle*
Syracuse
Tampa
Tucson
Tulsa
Washington, D.C.*
West Palm Beach

TABLE I-Continued

1978 Rank

45
49
46
55

6
40
53
26
15
57
37
39
12
56
50

3
48

1992 Rank

31
45
44
51
10
36
49
33
21
60
30
40
27
57
55
7

37

153

* indicates hub city (Ivy, 1992).
Note: Dayton was closed as a hub city by USAir during 1992. During that same year, USAir
began to build up Indianapolis as their Midwest hub.

decline), while the other two (Kansas City and Miami) have served lim
ited hub-and-spoke functions.

Kansas City ( - 11) was tried twice (unsuccessfully) as a hub during
the 1980s, initially by Eastern and later by Braniff. The lack of success in
creating a major hub here was probably a function of the financial woes
of the carriers in question more than the geographic position or attrac
tiveness of Kansas City itself. Miami, because of its peripheral location,
has always functioned mainly as an international gateway, and is there
fore less important as a domestic transfer point and generally less con
nected domestically. As the nations's air traffic has become clustered
around the large domestic transfer hubs, the significance, in terms of
connectivity, of many peripheral cities declined during the study period.

REGIONAL VARIATIONS. A regional analysis was done by separating
the study set into five groups (Table 2). Honolulu was excluded, as a
geographic outlier. The average change from 1978 through 1992 was
computed for each of the five regional groupings. Only two of the regions
experienced overall increases in the rankings. The Southeast with an
average gain of2.19 positions was the clear leader, followed by a modest
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TABLE 2
REGIONAL GROUPINGS OF METROPOLITAN AREAS

NORTHEAST-Albany, Allentown, Baltimore, Boston, Buffalo, Hartford,
New York/Newark, Philadelphia, Pittsburgh, Providence, Rochester,
Scranton, Syracuse, Washington, D.C.

SOUTHEAST-Atlanta, Birmingham, Charlotte, Greensboro/Winston-Salem,
Jacksonville, Louisville, Memphis, Miami, Nashville, New Orleans,
Norfolk, Orlando, Hale igh/Durham, Richmond, Tampa/St. Petersburg, West
Palm Beach

MIDWEST-Chicago, Cincinnati, Cleveland, Columbus, Dayton, Detroit,
Grand Rapids, Indianapolis, Kansas City, Milwaukee, Minneapolis/St. Paul,
St. Louis

NORTHWEST-Denver, Portland, Sacramento, Salt Lake City, San
Francisco, Seattle

SOUTHWEST-Austin, Dallas/Ft. Worth, Houston, Las Vegas, Los Angeles,
Oklahoma City, Phoenix, San Antonio, San Diego, Tucson, Tulsa

gain (.33) for the Northwest group of cities. The Southwest group
( -1.46) and Midwest region (-1.33) experienced the greatest average
drops. A modest average decline in connectivity rank order occurred in
the Northeast group of MSAs ( - .57).

SERVICE VARIATIONS. The mere definition of a hub implies that
these nodes will be more highly connected within the network than
nonhubs. Table 1 gives a breakdown of the hubs and nonhubs in the
study set. The hub list was determined by responses to a 1991 survey
asking the major carriers to identify their "important transfer points"

within their respective networks (Ivy, 1992). Some of these hubs havea
smaller share of the transfer traffic of carriers than other hubs. (The lower
level hubs are often referred to as "mini-hubs.")

As expected, a breakdown of the 59 cities (excluding Honolulu) into
hubs and spokes (as given in Table 1) revealed an average upward move
ment in connectivity rank order for the hub grouping (+ 2.63). Closer
inspection of rank order change for the hub cities reveals that some hubs
climbed while others declined in rank order.

The difference is largely the "age" of the hub status of the city, i.e.,
how long the MSA has been developed as a major transfer hub. Some of
the largest cities on the list were already highly connected and had a fair
amount of transfer traffic before deregulation. After deregulation, air
lines merely added service to build up the strength of the hub and
increase on-line connections. Other cities were built up as hubs almost
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exclusively during the years of deregulation, and, as a result, experi
enced a greater degree of change since 1978 in the number of different
nonstop connections and number of departures from their airports.

One can thus divide the hubs into pre- versus post-deregulation hub
status. The post-deregulation hubs are Baltimore, Charlotte, Cincinnati,
Cleveland, Dayton, Detroit, Las Vegas, Memphis, Nashville, Orlando,
Phoenix, Raleigh/Durham, Salt Lake City, and Washington, D.C. (Ivy,
1992). These metropolitan areas experienced an average increase in the
rankings of 6.43 positions, while the pre-deregulation hubs actually ex
perienced an average decline of 1.46 positions. Since many of the hubs
found in the Southeast are post-deregulation hubs (5 out of7), this would
help to explain the higher climb in rank order for that regional grouping.

While the nonhub or spoke cities experienced an average drop in
rank order of 2.31 positions, this does not mean a general decline in
connectivity for these cities. In fact, the connectivity indices grew for
almost all spoke cities during the study period. In other words, the drop
in connectivity rank order for the nonhubs does not represent an overall
decline in connectivity, but a relative decline in connectivity as com
pared to hubs. This clearly goes against popular criticism today that
spokes are less connected since deregulation and the advent of the hub
and-spoke network structure. Spokes mayor may not be connected (with
nonstop service) to fewer cities today than in the past, but the cities to
which they are connected are highly connected within the domestic air
transportation network. Therefore, their overall connectivity has in
creased, albeit in an indirect way. Breaking the spoke cities down into
five regional groupings reveals average rank order declines in the North
east (- .44), Midwest ( - 5.6), and Southwest ( - 4.71). Only in the North
west (+ 2.67) and Southeast (+ 1.38) are there relative upward move
ments in average connectivity rank order.

THE EFFECTS OF POPULATION SIZE. There is a hierarchical bias
implicit in the study. Larger cities generally have higher levels of con
nectivity. Because of their attractive power as a travel destination and
their large local market, they are usually more desirable to airlines as
possible choices for transfer hubs, or at the very least, a higher build-up
of nonstop service. As Table 3 illustrates, however, the correlation co
efficients (Pearson's R) between the population and connectivity rank
ings have generally gotten weaker (although still important) since 1978.
Apparently, the hubbing phenomenon has slightly reduced the hierar-
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TABLE 3
CORRELATION BETWEEN POPULATION AND CONNECTIVITY RANK

ORDER, 1978-1990a

Year

1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990

a 1991 and 1992 population estimates were not available.

R2

.70

.64

.64

.62

.62

.62

.58

.58

.58

.52

.54

.52

.55

chical relationship between the two variables. This is because many
medium-sized cities (such as Charlotte and Raleigh/Durham) have been
chosen as hubs as traffic at the largest cities has become overly con
gested and airlines have sought to expand their route structures.

FINAL COMMENTS. The 16 metropolitan areas in the Southeast expe
rienced the greatest overall average rise in connectivity rankings. Over
the past few decades, the Southeast has witnessed tremendous popula
tion and employment growth (relative to the rest of the nation), and, of
course, this has been a significant factor in the region's growth in air
service connectivity. The increased market demand for passenger travel
to and from the region has called for a major restructuring of the nation's
air transportation network by the major carriers. In the past, Atlanta was
the only southeastern city that played a major role in domestic air trans
portation (Wacht, 1974). The urban hierarchy of the United States (based
on air passenger flows) has been altered with a small group of southeast
ern cities playing a stronger role than previously. In addition, many of
the Southeastern spoke cities are more widely connected with nonstop
service to hubs outside of the region today than in the past. Like almost
every other sector of the nation's economy, the air transportation indus
try and its infrastructure appear to have become increasingly focused on
the Southeast.
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I Figure 1 was created by Jan Coyne, Department of Geography, University of
Florida.
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