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ABSTRACf 

The welfare of today's air travelers is being compromised with the establishment of 

airline "fortresses" at many of our nation's major hub airports. The limited capacity of 

these sites has increased congestion both in the air and on the ground, causing system-wide 

passenger delays. Proposals to remedy the situation have included computer-based 

modernization of air traffic control, the building of more airports (and/or the enlargement of 

existing ones), price controls on slots (i.e., bidding), and government re-regulation. These 

proposals have focused primarily on the airport as the source of the capacity problem; 

however, relatively little has been accomplished in the way of a system-wide approach. 

If direct nonstop service could be offered between every city-pair, then passenger 

utility would be maximized; and if all destinations could be connected with the shortest 

possible span, air service utility would be maximized. Obviously neither of these extremes 

can exist, for the maximum benefit of one represents the greatest cost in utility to the other. 

Possibilities exist between these extremes, however, that offer "optimized" air passenger 

service in some sense. In this investigation the computer implementation of a mathematical 

model was developed to logically explore these possibilities in a spatial way to help 

planners optimize air passenger service--as it relates to airport capacity enhancement 

planning. The model was demonstrated on an actual region where measurements of service 

utility and passenger convenience were determined and compared with other common 

network types. Results indicated that in terms of network distance, route directness, and 

number of intermediate stops, branching networks compared favorably with hub-and

spoke networks, but with a significant decrease in major hub congestion. 
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CHAPTER I 

INTRODUCTION 

In April 1978 the Senate, followed by the House of Representatives, passed an airline 

deregulation bill--both by a substantial margin. On October 24, this bill was signed into 

law as the Airline Deregulation Act of 1978. This markedly changed the face of the air 

transportation industry in the years to follow. Increased competition among existing 

airlines (along with a significant influx of new competitors) resulted, and was seen as both 

favorable and unfavorable by passengers, airlines, and airport officials alike. 

In the years following deregulation, growth of the industry was substantial. 

Passenger growth in the U.S. airline industry between 1978 and 1984 is illustrated in Table 

1.1. By 1987, the number of passengers had increased 70 percent, amounting to a 56 

percent increase in the number of daily flights (Steketee, 1987). The number of domestic 

enplanements had reached 450 million (Englander, 1988). Michael (1987) predicts that as 

early as 1991, passenger enplanements may reach 645 million, with commuter and regional 

carriers adding another 55 million to reach a total of 700 million annually, or nearly 2 

million passengers per day. 

On the surface, these statistics would seem to suggest that the airline industry is 

thriving in the deregulated environment. Unfortunately, this information does not reveal 

the limited capacity--both for operation and for growth--the industry is beginning to 

experience today, and is facing in the years ahead. The problem is quite complex, 

involving a multitude of special interest groups, billions of dollars, and a variety of 

unknown and/or unquantifiable variables. 
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Table 1.1 Passenger Growth in the U.S. Airline Industry Between 1978 and 
1984 (Malloy and Sarathy 1986, p. 32) 

.l2ll ~ % increase 1978-1984 

Passengers (000) 

Major airlines 196,073 251,251 28.1 

National airlines 48.612 61.726 2L.Q 

Total 244,685 312,977 27.9 

II. Revenue passenger miles (millions)* 

Major airlines 208,254 254,066 22.0 

National airlines 16.478 37.455 127.3 

Total 224,732 291,521 29.7 

*The original source erroneously reported this figure as (billions). 

Problem Statement 

Limited capacity in the air transportation industry has caused an increased amount of 

congestion and delays at the nation's major hub airports, producing unnecessary costs to 

both the industry and the consumer. The capacity of the system has been constrained by 

the bottlenecks in the transportation network. These bottlenecks have resulted primarily 

from overextended routes (in combination with peak demand slots and the associated 

bunching of flights) at many of the major hubs. This translates into an air transportation 

2 

system where air passenger travel is impeded, and passenger welfare degraded. A variety 

of alternative solutions to the problem have focused their attention in and around a select 

number of hub airport sites, with marginal success. Relatively little has been accomplished 

in the way of a system-wide approach to the problem. 

A study of the present route structures reveals a variety of unexplained possibilities 

between what can be interpreted as variations of design, ranging from point-to-point to 
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hub-and-spoke patterns. Quantification of some of the forces and constraints that help 

shape these designs (e.g., origin and destination flow, total directness of travel, total 

distance traveled) produces measurable inefficiencies at both ends, leaving the opportunity 

for more efficient networks (e.g., branching networks) to unfold. By reducing the number 

of overextended spokes at congested hubs, alternative networks may be used by policy 

analysts to aid in the capacity enhancement of out nation's airport system. 

Purpose for the Investi~ation 

The purpose of this investigation was to develop a model that helps planners determine 

a system-wide optimum route network for air passenger service. It was specifically 

designed to focus on the "spatial" aspect of the congestion problem. It was demonstrated 

on a regional area using actual data to illustrate its feasibility within the present operating 

system. In this way, the model unveiled unique network patterns with differentiated routes 

and multi-level hub configurations. 

The model provides air transportation policy analysts the ability to quantify and assess 

certain spatial dimensions among our nation's airports. In addition, under-utilized 

resources in the airport system (e.g., modern airports in medium-sized cities) are identified 

and evaluated on a system-wide basis for their capacity enhancement potential. In this 

way, decision-makers now have a modeling "tool" that spatially underscores travel 

efficiency as well as effectiveness; that aids in the development of a national airport 

network plan; and that, in effect, helps upgrade our first-generation airport system to a 

much more effective, and much needed, second-generation airport system. 

Or~anization of the Investi~ation 

This chapter has introduced the problem of congestion at the nation's major airports 

and how it relates with the transportation network (arcs) and connecting cities (nodes). A 
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more thorough review of the literature associated with the air transportation system is 

presented in Chapter II. Here, the three basic components of air transportation--airlines, 

airports, and airways--are presented. Of the three, the "airway" system generally has been 

the least studied. Because the airway system possesses unique characteristics that make a 

"system-wide" analysis possible, it provides an alternative approach for studying the 

congestion problem in a holistic way. Finally, the issues surrounding congestion and 

delays are examined, followed by proposed alternatives to these problems. Chapter III 

reviews the methodology used to develop and implement the model, including the specific 

objectives of the research, an introduction to the minimal spanning tree model, a discussion 

of the model, Air Max, and the procedures for demonstrating the model. The results of the 

investigation are discussed in Chapter N which focuses primarily on a demonstration of 

the model and how its network compares with that of other networks, in theory. Chapter V 

concludes this investigation with a brief summary, followed by the contributions and 

limitations of the study, and finally, a look ahead. 



CHAPTER II 

LITERATURE REVIEW 

Introduction 

For the purposes of this investigation, the airline industry has been divided into three 

major areas of focus: airlines, airports, and airways. Each of these entities, obviously 

interrelated, are discussed in terms of their relation to the airport capacity problem. Next, 

the two most visible signs of limited capacity--airport congestion and passenger delays--are 

reviewed, and then related with passenger demand. Finally, a brief review of some 

proposed alternative solutions are presented, followed by an overview of the criteria needed 

for an optimum solution. 

Airlines 

The aftershocks of the October stock market crash, along with restive 
unions and demands for improved safety and service ... [in combination 
with] substantial increases in near-collisions and accidents involving small 
planes [have] led the federal government to impose unprecedented 
requirements of the airlines to report on-time performances, passengers 
bumped off flights, lost baggage and other consumer complaints on a 
monthly basis ... In addition to lowering fares, the tricky economic climate 
could also lead major carriers to cut back their expansion plans--by buying 
fewer planes, and cancelling plans for new routes or new airport "hubs." 
(Lubbock Avalanche Journal, 1988, March 13 ed., p. F5) 

The preceding quote describes the competitive environment facing the airline industry. 

The situation does not lend itself to simple explanations. Before examining the current state 

of airline affairs, some preliminary terms and statistics are presented. Next, the analysis 

5 



considers three aspects in the industry related to competition: demand, mergers, and 

contestable markets. 
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Figure 2.1 describes the classification of airlines by size as defined by the Civil 

Aeronautics Board. Stephenson and Fox (1987) show that "commuter" carriers can expect 

a growth rate of approximately 8 percent per year through 1995, which will raise volume to 

about 11 percent of the United States total. By 1995, the fleet will grow to about 2,200 

and 2,800 aircraft, respectively (Guth, 1986). Unfortunately, competitive struggles have 

forced many airline companies to reconsider their purchases of new aircraft in favor of 

cheaper, older planes. To what extent will these additional aircraft be "new" aircraft? The 

use of improved aircraft with sleeker aerodynamic designs would generate great savings in 

fuel costs, revolutionizing the airline industry. "Unfortunately, with today's high cost of 

financing and with the operating losses being incurred by many airline companies, 

immediate investment in these new aircraft cannot be expected" (Solimon and Brown, 

1983, p. 72). This aspect is underscored by Fischetti (1986): "A decade ago, less than 

half of the U.S. air transport fleet consisted of planes more than 10 years old. Today the 

number is closer to two-thirds, and some airlines have fleets with more than 80 percent of 

the planes over 10 years old" (p. 73). 

According to 1981 Civil Aeronautics Board (CAB) definitions, the classes of air 
carriers break down as follows: 

1. "Medium regional" carriers have revenues under $10 million or operate with 60 
seats or less, or 18,000 pounds maximum payload or less. 

2. "Large regional" carriers have revenues between $10-$100 million. (The term 
"Commuter" carrier usually encompasses both large and medium regionals.) 

3. "National" carriers have revenues of between $100 million and $1 billion. 

4. "Major" carriers have annual revenues in excess of $1 billion. 

Figure 2.1 Classification of Airline Carriers (Phillips, 1985, p. 215) 



The recession of 1980-1983 (coupled with the greater number of airlines competing 

for a smaller traffic base during that same time period) led to unexpected fmanciallosses. 
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In fact, in the years following deregulation, the airline industry registered cumulative losses 

of $1.2 billion. In the following two years, 1984 and 1985, the industry showed profits of 

$762 million and $803 million, respectively. However, it must be remembered that these 

figures resulted in part from declining interest rates that fell from nearly 20 percent to 10 

percent during that same time period. Fuel costs also fell dramatically. For example, in 

1981 the average fuel cost per gallon was $1.04 (Lieb and Malloy, 1987). By May 1986, 

the average fuel cost per gallon was $0.54, nearly half the former amount. These lower 

costs helped the U.S.-registered airlines to generate an estimated $48 billion in sales that 

year--$40 billion derived from passenger revenues and $8 billion from cargo, mail, and 

other revenues (Stephenson and Fox, 1987). 

These numbers seem to indicate that airline profits resulted not necessarily from more 

efficiently run operations, but from declining costs. Inflationary measures aside, it now 

costs more to fly from Dallas to San Antonio than it did ten years ago (Kelleher, 1988). 

Why? According to Voelcker (1986), "the deregulation of the airline industry has produced 

relentless downward pressure on the seat-mile costs incurred by airlines--the amount spent 

to fly one passenger one mile" (p. 77)--resulting in a lessened utilization of aircraft. 

Inappropriate route structuring with respect to aircraft type and model being used is just one 

of many factors that have helped contribute to the increased cost per available seat mile. 

Cunningham, Williamson and Wood (1984) note that it is the marketing personnel that 

have been primarily responsible in community and route selection decisions, while aircraft 

selection decisions have rested in the hands of the fmance personnel. "The planning 

horiwns for all three major decisions are short, especially in the case of aircraft selection" 

(Cunningham, Williamson and Wood, 1984, p. 60), reflecting a lack of strategic planning. 
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Through creative marketing techniques and planning strategies, many dominant major 

airline companies have been able take advantage of the favorable post-deregulation 

economic climate to offset costs and eliminate inefficient practices that otherwise would 

have made their existence virtually impossible. Survival strategies such as new marketing 

techniques, mergers, and acquisitions have become a major concern for airline companies, 

replacing original competitive driving forces once promised by contestable market theorists. 

Freg,uent-flyer ProfUams 

One of the most creative and innovative marketing tools ever popularized in the airline 

industry is the frequent-flyer program. Technically, a frequent flyer is someone who takes 

more than 12 trips per year (however, in reality, anyone who enrolls in a frequent-flyer 

program, regardless of the number of trips taken, is by airline definition, a frequent flyer). 

Only 3 percent of air travelers were frequent flyers in 1986, but this accounted for an 

impressive 27 percent of total airline trips. Of this 3 percent, approximately 75 percent 

were business travelers, accumulating an estimated $1 billion in free travel (Stephenson and 

Fox, 1987). 

Frequent-flyer programs did not result immediately under deregulation, but eventually 

became popularlized as a means of retaining higher passenger yields, especially by 

business travelers. At first glance, these programs seem to portray an image of the airlines 

as a "corporate benefactor," but closer analysis shows otherwise. Corporate loyalty to the 

airline, not benefits, underlies the plans' motives. In return, the airline is able to fill a seat 

(that has already been paid for in the price of tickets) that might have otherwise gone 

unoccupied. Stephenson and Fox (1987) borrow from Michael Kinsley's Wall Street 

Journal editorial to illustrate some of the negative repercussions resulting from frequent

flyer travel. 



Frequent-flier plans are an ingenious system for giving the benefits of 
competition to the person who decides how to spend the money, rather than 
[to] the people whose money is being spent. In essence, there is a kickback 
built into the price of every $150-a-night hotel room and every full-fare 
airplane ticket. What we are witnessing is a massive, open and wildly 
successful campaign to corrupt the morals of the corporate class. (p. 1 0) 

Another criticism with frequent-flyer programs lies with business employees who 

waste millions of corporate dollars by taking unnecessary trips in order to accumulate 

mileage. Because overall ticket prices have been inflated anywhere from 10 percent to 15 

percent (in order to pay for the free trip), the end result is higher than necessary overall 

travel costs for business clients. Because of the nature of corporate demand (being 

virtually inelastic), corporate travel planners have been left few alternatives in decreasing 

their travel costs. The dwindling number of airline companies (due to mergers and 

acquisitions) has intensified this problem. 

Mer~ers and AcQuisitions 

A variety of factors has created the present state of affairs with airline mergers and 

acquisitions, not the least of which is the success of smaller national and regional carriers 

cutting deeply into the markets of dominant major airlines. Lieb and Malloy (1987) cite 

some domestic mergers and acquisitions: 

1. Northwest acquiring Republic (1986) 

2. Delta acquiring Western ( 1986) 

3. Texas Air acquiring Eastern (1986) and People Express (1986) 

4. TWA acquiring Ozark (1986) 

5. USAir attempting to acquire Pacific Southwest 

6. American attempting to acquire Air California 

9 

Mergers have severely changed the face of competition. They are allowing companies 

that otherwise might not compete effectively to join forces and form monopolized markets. 



Jost (1987) states that "mergers result in less competition between airlines at sensitive 

airports [and] a reduced need for high frequency schedules" (p. 25). This diminishes 

passenger welfare, ooth in terms of competitive pricing and passenger service. 

Acquisitions also reflect the desires of larger airline companies to gain control of markets 

that are giving way to outside competition and new entrants. In this case, it is the size of 

the firm rather than its operating efficiency that dictates its continued operation. 

10 

Cunningham and Wood (1983) find that "managements seem to have employed 

diversification to offset the low rates of return that characterize their carrier operations" (p. 

55). Examples of this include massive buy-out campaigns of hotel chains and car-rental 

agencies. Such ventures, with unchecked escalated expansion, have led to costly mistakes, 

as was experienced by Pan Am during the early 1980's. 

In addition to diversification, vertical integration has become an increasing concern, 

especially in the escalated mergers between major airline companies and their commuter 

airline counterparts. Although this can be seen along several dimensions, the most vivid 

aspect is the operation of commuter airlines' flight under the two-letter designator codes of 

the jet carrier with whom they ally (Mawanda-Kibuule, 1988). This code-sharing 

agreement results in the the commuter being treated as an on-line rather than an interline 

connection with its associated major carrier, and has its greatest impact in the computer 

reservation systems. Oster and Pickrell (1986) note that almost 60 commuter airlines 

which are in these alliances carry well over three-quarters of the passengers served by the 

entire 220-airline commuter industry. Figure 2.2 presents some of the marketing alliances 

that had occurred as of June, 1986. 

External effects are not the only visible ramifications from mergers and acquisitions. 

Internal disruption and low employee morale are additional factors that often accompany 

these changes. Because of high spending on marketing programs, operating costs devoted 

to personnel have not had a high a priority among the airlines. Labor union unrest has led 



Msijor Jet Carriers 

American 

Continental 

Delta 

Eastern 

Northwest 

Pan American 

Piedmont 

Republic 

US Air 

Marketin~ Alliance Partners 

AVair 
Air Midwest 
Chapparal Airlines 
Command Airlines 
Metro Airlines 
Simmons Airlines 
Wing West Airlines 

Pioneer Airlines 
Royale Airlines 

Atlanta Southwest 
Business Express 
Comair 
Rio Airways 

Air Midwest 
Atlantis Express 
Bar Harbor Airlines 
Metro Express 
Precision Airlines 

Big Sky 
Fischer Brothers 
Mesaba 

Ransome Airlines 

Britt 
Brockway Air 
CAir 
Henson Aviation 
Jet Stream International 

Phoenix Air 
Simmons Airlines 
Resort Air 
Air Wisconsin 
Horizon Air 

Air Kentucky 
Chautauqua Airlines 
Grown Airlines 
Pennsylvania Airlines 
Southern Jersey Airways 
Suburban Airlines 
Skywest 

Figure 2.2. Marketing Alliances of the Major Jet Carriers as of June, 1986. 
(Mawanda-Kibuule, 1988, pp. 56-57) 
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to airline strikes that have proven relatively ineffective because of the available pool of non

union applicants. Even in situations where labor cost increases have been unavoidable, the 

airlines have not appeared to be as threatened as they once were when deregulation began, 

because any significant increase in labor costs can now be offset by the cheaper costs of 

both interest rates and fuel. If these costs begin to rise again, management's attention will 

have to refocus once again on labor outlays and productivity (Lieb and Malloy, 1987). 

Contestable Markets 

It was originally expected that "contestable" markets could effectively drive the airline 

industry under deregulation because of the supposed continuous possibility of costlessly 

reversible entry. 

A perfectly contestable market is defined as one in which entry and exit are 
easy and costless, which may or may not be characterized by economies of 
scale or scope, but which has no entry barriers ... Potential entrants are 
assumed to face the same set of productive techniques and market demands 
as those available to incumbent firms. There are no legal restrictions on 
market entry or exit and no special costs that must be borne by an entrant 
that do not fall on incumbents as well. (Baumol, Panzar, and Willig, 1982, 
p. xx) 

According to the theory, those firms that are competing in the market have limited 

direct control over market prices, even if they are few in number. Contestable markets may 

be comprised solely of monopolistic, duopolistic, or oligopolistic firms. Economists 

originally theorized that airline markets could be contestable largely because of the mobility 

of their aircraft; thus, sunk costs were not considered a substantial part of capital costs. 

However, because the purchase of aircraft requires such large investments, airline 

companies usually select their aircraft in advance (based on matching the aircraft's optimum 

stage lengths with demand). The idea of shuffling around a surplus of aircraft to cover 

unstable routes does not match supply effectively with demand. 
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Although sunk costs tend to inhibit contestable airline market development, the major 

entry barrier for the new entrants lies with hub "fortressing" by the incumbent airlines. The 

opportunity for free entry into the market has been greatly hindered by lack of airport "real 

estate," both spatially (e.g., terminal space) and temporally (e.g., slot space). Hub 

domination allows the incumbent firms to match the lower ticket prices set by the new 

entrants by recouping their losses on other non-competitive routes. Baumol, Panzar and 

Willig (1982) indicate that where no sustainable prices exist, "responsive" pricing may be 

the only way to stabilize the industry from chaotic restructuring andre-restructuring. They 

conclude that "the absence of responsive pricing behavior in such circumstances is likely to 

lead to costly market failure" (p. 13). New entrants often cannot react quickly and cost

effectively to the incumbent's highly technological price-matching schemes. This leads the 

industry to risky business practices, unhealthy competition, and not only an overall 

inability to sustain prices, but also the inability to respond to price changes adequately. 

Exiting the market (whether by "push" or "pull" factors) is not as "free" as contestable 

market theory indicates. Financial losses dQ occur from unrecoverable sunk costs, such as 

a surplus of depreciating aircraft, terminal closings, and employee layoffs. Perhaps even 

more pronounced is the public's negative perception of the airline. Regional identification 

with the airline plays an important role in passenger familiarity and acceptance of airline 

service. The inability to consistently sustain service on selected routes can be detrimental to 

an airline in terms of public confidence. 

Smith (1984) performs an interesting study in determining whether the number of 

competitors within an airline market affects market price levels; that is, whether market 

contestability can be verified. Weighted Bain indexes are used to compare prices in 

monopoly markets with those in more competitive markets. According to contestable 

market theory, the Bain indexes should have relatively equal values for both monopolized 

and competitive markets. Smith (1984) finds that, across the board, these markets have 
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noticeably different mean index levels, and concludes "the hypothesis of con testability in 

airline markets is unsupported" (p. 57). There is also an implication that the airline markets 

are internally cross-subsidizing other markets having generally poorer economic returns. 

Evidently, contestable market theorists did not consider these variables adequately when 

espousing a deregulated environment in the late 1970's. 

The race to be among the group of survivors is leading the industry toward the point of 

becoming a loose oligopoly. If the multitude of airline mergers and acquisitions continues 

at the present rate, it has been suggested that five or perhaps six airlines will dominate the 

industry by the tum of the century. Lieb and Malloy (1987) indicate that "as a result of the 

sheer size of those combined merged carriers, $4 to $6 billion in annual revenues, future 

entrants are likely to have a minimal impact on the majors" (p. 12). Malloy and Sarathy 

(1986) predict that the smaller carriers will find themselves with little freedom of action, 

being played and manipulated by the major airlines as part of their strategic puzzle. 

Unfortunately, it is this aspect--not healthy competition with its free access into and out of 

the market (e.g., contestable markets)--that is currently driving the industry. Klass (1987) 

notes: "Deregulation will be with us for some time--perhaps until this nation has only a 

single air carrier, appropriately named MONOPOLY AIRLINES whose motto may be 'Fly 

With Us Or Stay At Home"' (p. 30). Phillips (1985) presents an interesting analysis of the 

problem: 

Given the complexities of real world transportation markets and the rich 
variety of business strategies that are available to airline managers today, an 
industry-wide rule to govern carrier operating practices and business 
behavior ... is neither appropriate nor desirable. Such a rule conceivably 
could result in operating and marketing inefficiencies which would have 
adverse consequences for both air carriers and consumers. The preferred 
approach, rather, is to continue to adopt policies that promote competition in 
the airline industry and to take selective enforcement actions in those 
instances when the facts clearly demonstrate that a carrier with market 
power ... is using its market dominance to disadvantage a competitor or to 
influence a rival's conduct with a view to discouraging competitive rivalry. 
(p. 27) 
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It is not the existence of oligopolies alone within a deregulated environment that 

threatens air transportation; it is their existence within a capacity-constrained environment 

that leads to unhealthy competition, making the industry unnecessarily vulnerable to 

corporate control by a few. Under this guise, competitive pricing cannot work. Viton 

(1988) concludes: "This implies an unpleasant dilemma: either the industry is naturally 

destructive (if the returns are internal to the firms) or else the sustainable industry 

configuration is less than welfare-optimal" (p. 361). Of concern here is not only industry 

welfare, but passenger welfare as well. 

Airports 

The nation's major airports are feeling the effects of the increasing amount of airline 

traffic. Englander (1988) finds that the 20 busiest airports--although comprising only 7 

percent of the total number of U.S. airports--account for nearly 66 percent of all passenger 

traffic. In addition, Konrad (1985) forecasts an increase in the air carrier fleet from 2400 to 

3400 (42 percent), the commuter fleet from 1600 to 4500 (175 percent), and the number of 

general aviation aircraft from 210,300 to 408,500 (94 percent) by the year 2000. 

Assuming no change in the existing capacity of these sites, this growth will inevitably exert 

pressures on the present airport system. According to Donahue ( 1987), in 1985, 11 

airports had already exceeded their annual service volume--that is, the volume of aircraft 

that could be accommodated at that airport under optimum conditions. That number grew 

to 16 in 1986, and could reach more than 50 by the year 2000. 

Table 2.1 lists the total projected growth in operations from 1986 through 1996 at 50 

of the nation's primary commercial airports. If airport operations reach the projected levels 

for 1996, then capacity at many of these airports will be exceeded (assuming present 

capacity levels). As these statistics indicate, many of those airports whose present capacity 

is being exceeded are the very ones acting as "fortress hubs" for the major airlines. 
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Table 2.1 Actual and Projected Growth in Total Operations at 50 SDRS Airports 

1986-1996 (Airport Capacity Enhancement Plan 1988, p. 1-13) 

AiJ:ports 

Chicago O'Hare International 
Atlanta Hartsfield International 
Dallas/Ft. Worth International 
Denver Stapleton International 
Los Angeles International 
Phoenix Sky Harbor 
St. Louis Lambert International 
San Jose Municipal 
Boston Logan International 
Detroit Metropolitan 
Philadelphia International 
Memphis International 
Oakland International 
Minneapolis-St. Paul International 
Houston Intercontinental 
Las Vegas McCarran International 
San Francisco International 
Miami International 
Pittsburgh International 
Honolulu International 
Newark International 
Salt Lake City International 
Washington Dulles 
Orlando International 
Washington National 
Baltimore-Washington International 
Raleigh/Durham 
Albuquerque International 
New York La Guardia 
Tampa International 
New York Kennedy 
Port Columbus International 
Nashville Metropolitan 
San Antonio International 
Cincinnati Municipal 
Kansas City International 
West Palm Beach International 
Seattle Tacoma 
Austin Mueller Municipal 
Portland International 
Cleveland Hopkins International 
Indianapolis International 
New Orleans International 

Total Forecast 
Operations Operations 

.1.28Q .l.22Q 
(thousands of operations) 

794 
787 
576 
525 
580 
417 
458 
351 
424 
380 
378 
382 
388 
400 
298 
365 
430 
351 
366 
368 
414 
277 
285 
220 
326 
285 
210 
226 
366 
253 
317 
194 
252 
199 
183 
208 
225 
260 
209 
224 
238 
209 
169 

912 
808 
653 
642 
623 
556 
556 
537 
512 
502 
483 
482 
476 
460 
458 
455 
455 
448 
446 
444 
440 
418 
404 
384 
384 
383 
376 
370 
370 
368 
367 
237 
332 
324 
308 
303 
302 
301 
294 
262 
258 
256 
252 

Percent 
Change 

1986- 1996 

14.9 
2.7 

13.4 
22.3 
7.4 

33.3 
21.4 
53.0 
20.8 
32.1 
27.8 
26.2 
22.7 
15.0 
53.7 
24.7 

5.8 
27.6 
21.9 
20.7 

6.3 
50.9 
41.8 
74.6 
17.8 
34.4 
79.0 
63.7 

1.1 
45.5 
15.8 
22.2 
31.7 
62.8 
68.3 
45.7 
34.2 
15.8 
40.7 
17.0 
8.4 

22.5 
49.1 
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Table 2.1 (continued) 

Total Forecast 

Ai[pons 
Operations Operations 

.1.2.8.6 ~ 

Percent 
Change 

1986- 1996 
(thousands of operations) 

Dayton International 194 
Milwaukee Mitchell Field 192 
Windsor Locks Bradley International 163 
Ontario International 134 
San Diego International 170 
Sacramento Metropolitan 161 
Jacksonville International 150 

237 
233 
230 
209 
205 
196 
182 

22.2 
21.4 
41.1 
56.0 
20.6 
21.7 
21.3 

No major airports have been built in the United States in 15 years because of 

environmental opposition and the huge expense of such projects (Labichm, 1987). Only 

two major new airports are being considered at present: Austin's new international airport, 

and Denver's new "superport." FAA projections indicate that Stapleton International, 

Denver's present major airport and the country's fifth busiest, will lead the country in flight 

delays by 1996. However, the problems associated with the new planned airport are 

further aggravated by what appears to be a general consensus of a "not-in-my-backyard" 

attitude by local opposition groups. 

United Airlines and Continental Airlines, two major giants serving the area, found the 

risks so daunting that both threatened to pull out of their agreements to help fund the 

construction of the new facility (Parker, 1988). The lack of wide-spread support for the 

new superport is expected to prolong Stapleton's continuation as the area's major airport. 

This example describes a typical scenario for a city that wants relief for its congested hub 

airport, but is unable to attain enough financial backing and community support to provide 

it. Although the construction of the superport had been approved officially as of 

September, 1989, debate over the highly controversial issues associated with it continues. 

This case illustrates the business characteristics of airlines, where profit drives 

investments. Sam E. Ashmore (Continental Airline's vice-president for properties) notes: 
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"An airline first will assess its participation from a standpoint of a potential investor ... An 

investor in any airport project can be expected to insist that projections of future costs, 

revenues and traffic be as realistic as possible, that the project be competently managed, 

and that the investment provide a reasonable return in relation to the risk assumed" (Parker, 

1988, p. A8). 

Perhaps this cautious approach by the airlines has been beneficial after all, both for the 

industry and the consumer. Ashmore contends that at present, Continental spends $4.33 

per passenger to operate at Denver's Stapleton Airport. At the new airport, the cost is 

estimated at $14.65 per passenger. 

Likewise, United projects its per-passenger costs, which are similar, to be 
eight times higher than they are now ... "The scenario has developed that 
this is the greatest economic development that has come down the pike in 
the last 50 years," said Ed Nielson, a United spokesman. "To feel that this 
is going to solve a lot of economic ills of the city and the state is foolish. 
It's not the real world." (Parker, 1988, p. A8) 

The idea of building larger hub airports as a possible solution to relieve older hubs of 

their congestion problems will be further discussed later in this investigation. First, 

however, it is necessary to establish a firm understanding of the "hub" concept and how its 

presence is a product of the deregulated airline industry, and not the far-sighted planning of 

city managers. 

Deregulation has created many changes in the airline industry, the most dramatic of 

which has been the hub concept and the scrambling of new commercial carriers to certify 

their aircraft. Most of the problems mentioned thus far associated with the airline industry 

can be either directly or indirectly linked to hub overload. As will soon be illustrated, the 

hubbing phenomenon has produced a variety of marketing and operational efficiencies that 

have benefited both the airline industry and its passengers. However, because of 



economies of scale (in combination with limited capacity), significant peaking and 

congestion problems at these major airports are occurring, and the resulting inefficiencies 

are beginning to undermine the hubs' original positive roles. 
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Hubs have been defined in a variety of ways. According to Scwieterman and Spencer 

(1986), if an airline is serving at least 20 destinations on direct flights from a metropolitan 

area, then it qualifies as a hub. The Airport Activity Statistics Qf Certified Route Air 

Carriers (1986) special report defmes air traffic hubs not by a minimum number of cities 

serviced, but by city sizes, according to Metropolitan Statistical Areas (MSA's). An MSA 

is a county that contains at least one city of 50,000 population, or twin cities with a 

combined population of at least 50,000, plus any contiguous counties that are metropolitan 

in character and have similar economic and social relationships. Still another way of 

defining hubs is by traffic. According to the classification procedures adopted by Phillips 

(1987), "large" hubs are airports that account for at least 1.0 percent of all domestic 

enplanements. "Medium" hubs are those with 0.25 percent to 0.99 percent of domestic 

enplanements. "Small" hubs have 0.05 percent to 0.24 percent of domestic enplanements. 

"Nonhubs" have less than 0.05 percent of domestic enplanements. 

In 1986, there were 126 operating air traffic hubs representing 29.7 percent of the 424 

air traffic hubs and nonhubs in the U.S. Hub dominance is illustrated by the fact that 97.6 

percent (390,517,210) of passenger enplanements occurred at these 126 hubs; and the 

Airport Activity Statistics Qf Certified Route Air Carriers (1986) reports that of these, "the 

27 large hubs accounted for 73.6 percent, the 36 medium hubs accounted for 17.2 percent, 

and the 63 small hubs accounted for six percent" (p. iv). Although serviced by 

approximately 19 carriers, not one of the large hubs (with the possible exception of 

Denver) has more than two carriers using that airport as a hub (James, 1986). Hence, hub 

"fortressing" appears to be a definite priority for major airline companies. 
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According to Harris (1987), there exist two basic operational types of large hub 

airports: residual and compensatory. A "residual" hub airport is one in which the airlines 

make up any deficiency in operations (guaranteeing that an airport always breaks even.) 

Approximately 93 percent of large residual hubs have airline leases that run in excess of 20 

years, and at medium hubs that number is 76 percent. A "compensatory" hub airport is one 

in which the airport manager runs the airport as a business enterprise and the airlines are 

charged on the basis of the space they occupy and the utilization of that airport. Here, 

leases tend to be shorter, only 60 percent have airline leases of 20 years or longer, and at 

medium hubs it is 40 percent. Of these two operational types, 79 percent of the large hubs 

and 67 percent of the medium hubs are "residual," reflecting airline intentions to maintain a 

firm hold on their respective hubs. 

Corbett ( 1987) reports that capital requirements for airports are about 3 percent of the 

national annual infrastructure expenditures. This compares with 46 percent for highways, 

15 percent for mass transit, 15 percent for waste treatment and 5 percent for water supply. 

Harris (1987) adds that: 

Estimated annual demand for capital by large and medium hub airports runs 
between $650 million and $1 billion dollars, half of which is set aside for 
new capacity ... The Federal share of airport investment currently 
represents about 33%, but has ranged from 20% to 85%. State airport 
investment has remained stable at about 11%. Local and private sources 
make up the other 55%. Financially strong airports can sell airport revenue 
bonds; weaker ones rely on general obligation bonds. From 1978 to 1982, 
strong airports raised three times more dollars through the bond market than 
by federal grants. (pp. 6-7) 

Interestingly enough, the benefactors for the majority of these bonds at major airports 

are the very airlines using these airports as their hubs. It can be said that in some cases, it 

has been those bonds that have "built up" the airport. These financial investments (and 

incentives to reinvest) have led to the survival tactics necessary for continued control and 

dominance by airlines at their respective hubs. Wide-spread hub "fortressing" tactics have 

been implemented at many of the nation's larger airports by major airlines, resulting in a 
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symbiotic relationship between the airport and the airlines using it as a hub. For example, 

American Airlines' control at Dallas-Ft. Worth International Airport as a hub heavily 

influences future growth and development at that site. 

Hub Advanta2es 

Phillips (1987) has shown that there are a substantial amount of cost savings, service 

improvements, and competitive advantages that would otherwise not have been achieved 

had the airlines not concentrated departures at the major hubs. In addition to benefits 

derived from more efficiently designed hub routes (covered in more detail later in this 

investigation), Phillips (1985) and Toh and Higgins (1985) describe the benefits that 

accompany hub operation and marketing strategies. 

Operationally, the hubbing process offers advantages for the airline industry in three 

major areas: revenues, aircraft selection, and service. Maintenance, servicing, and apron 

services can be economically centralized at the hub, adding to potential revenues. In 

addition, increased revenues also result from retaining more passengers on-line. Average 

passenger loads into and out of the airport are increased; consequently, more frequent 

service can be offered. 

With respect to aircraft selection, a more efficient use of aircraft occurs in two ways. 

First, hub-and-spoke patterns allow all the operating stations to be served by a minimum 

number of aircraft and flight sectors. Second, in addition to minimizing the number of 

aircraft, the selection of a "type" of aircraft (for a given trip) is facilitated. The shortness of 

some sectors allows for the use of smaller aircraft with greater frequency and therefore 

higher utilization rates. Increased traffic on other flight segments can be handled using 

larger aircraft with lower unit costs. 

The hub system also has produced a higher overall quality of service for passengers. 

In many instances, passengers remain in the same terminal or even on the same plane, 
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reducing travel inconveniences. A connecting flight on the same airline makes flight 

transfers easier, and reduces the risk of potential service problems (e.g., lost or damaged 

baggage). Hubs also act as a collection of disseminating points. Here, indirect 

connections between numerous city-pairs can be found that otherwise would not exist 

because of their inability to generate enough traffic to justify direct routes. Consequently, 

more people have access to a greater air travel market. 

Marketing efficiencies also have been enhanced due to the hub bing process. Toh and 

Higgins (1985) offer the following analysis: 

Aircraft arrivals and departures at the hub city can be judiciously 
synchronized so that passengers brought in from the outlying cities can be 
transferred to the airline's other flights departing from the hub; thus a 
system of cross-feeder traffic is generated, effectively elevating passenger 
load factors on all the airline's routes ... Hubs are highly instrumental in 
establishing strong regional identification, which is important for marketing 
the airline and carving a territorial niche in the region . . . Once a carrier 
dominates a hub in terms of flight frequency and capacity share, it tends to 
get more than its proportional share of traffic. (p. 17) 

Malloy and Sarathy (1986) summarize hub benefits, observing that: 

The choice of hubs is crucial to determining whether there is mutuality of 
interests sufficiently strong to lead to a code-sharing agreement. The hub 
and spoke system, if well developed, can be effective in developing a large 
enough volume of traffic which can be fed to the major, and this, after all, is 
what determines the choice of affiliate. A good hub and spoke system also 
acts as a barrier to entry in that it is defensible and makes it harder for 
competition to invade routes. The investment required to replicate a hub and 
spoke system is sufficiently large to give competition pause for thought, 
while competing on one or two routes on a frequency and price basis is 
within reach of most competitors. (p. 41) 

Hub Disadvanta~s 

The hub system evolved as a means for carriers to lower their operating costs. In 

doing so, as many seats as possible on every flight must be filled. Because smaller aircraft 

are flying the shorter stage lengths (increasing the frequency of trips), "and because people 
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tend to want to fly at the same times, adhering to the scheduled departure (and arrival) has 

become the exception rather than the rule at many major airports" (Gourdin, 1988, p. 25). 

It is during those peak congestion time periods that ground personnel and equipment 

get swamped, slowing baggage delivery to either the arrival area or to the connecting flight. 

In this sense, providing a quality product has not necessarily been a result from the use of 

the hub system. "Complaints lodged by passengers against U.S. airlines in June 1987 

increased more than six times over the previous June, from 843 to 5155, and mainly 

stemmed from service-related problems" (Gourdin, 1988, p. 25). Although accessibility to 

new markets by cities not able to generate direct routes themselves has occurred, the overall 

direct flights from nonhub cities has declined from 24.5 percent of total jet departures in 

1978 to 13.3 percent in 1987. Since then, many cities once serviced by the airlines prior to 

deregulation have either had their service completely discontinued, or in some cases have 

been left paying exorbitant prices for the continuation of service from one or two airlines. 

Another disadvantage stemming from hub usage includes the greater total elapsed 

travel time that results from excess flight circuity (unnecessary distances traveled between 

points of origin and destination because of the required stopover at the hub). This costs the 

airlines extra both in attendant costs and in fuel. The availability and relatively low prices 

of these resources has enabled these airport hubs to grow successfully. Increased travel 

time affects passengers as well. Not only do trips covering greater distances require a 

greater amount of allowance for travel time than might otherwise be necessary (which in 

itself costs the consumer in lost time), the cost of this increased travel is distributed across 

the board and paid for by all passengers. In other words, in order to compete with airlines 

offering more direct routes and cheaper fares, a hub-and-spoke system must lower its 

prices on those specific routes, and compensate for this loss elsewhere. As Phillips (1985) 

notes, airline management must weigh continually "the benefits of an increased reliance on 

hub-and-spoke operations against the additional costs to airline passengers" (p. 19). 
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Economic conditions in the deregulated environment along with the diversification of 

aircraft have led airline planners to begin considering alternatives to hub-and-spoke 

networks. Point-to-point service has increased with the development of longer range 

aircraft and higher volumes of traffic in selected markets. Scwieterman and Spencer ( 1986) 

list four marketing factors as reasons for renewed interest in new nonstop services: 

1. Product differentiation. 

2. Technological change. A new generation of aircraft is markedly improving the 

economies of nonhub flying. 

3. Declining economies of scale. Recent escalations in hub operating expenses are 

rendering nonhub air services as an increasingly attractive economic alternative. 

4. Reductions in labor expense. Hub-and-spoke operations permit manpower to be 

scheduled on efficient lines-of-flying from central locations, and allow more 

efficient planning for pilot and flight attendant reserve coverage. Nonhub 

operations tend to decentralize an airline's manpower needs. 

Furthermore, because of lower wage scales for new employees (the "tiered" system) 

and other work rule changes, "the cost of layovers, waiting in line, deadheading, and other 

operational problems associated with nonhub air service has steadily diminished" 

(Scwieterman and Spencer, 1986, p. 2). Airlines studying U.S. city-pairs currently 

without nonstop air service have found these markets potential sources of additional 

revenue; and have begun supplementing their existing hub operations with new point-to

point services. 

Hubs--The Future 

Cunningham (1986) mentions that the hubbing process is presently in a mature phase 

of development, indicating more static hub competition or different types of route 

competition in the future. He adds, "Low profitability is leading to a concentrated industry 
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composed of a small number of large strong survivors supplemented by smaller specialist 

carriers" (p. 73). Now that most of the hub locations worth developing domestically as 

major hubs have already come under the dominance of one or two major carriers, where do 

the new entrants find room to enter the market? Is the industry prone to destructive 

competition? 

Originally, the airlines adopted the hub-and-spoke system after the advent of 

deregulation to counter (block out) the moves of their opponents. Today, this defensive 

strategy has turned offensive because the airlines have discovered it as a means of 

"dominating" airports. For example, airline slots and gate areas remain vacant at Kansas 

City International Airport because they have been bought by those airlines already servicing 

the city as a defense against any new competition. Kelleher (1988) suggests that it is 

unlikely the airlines will ever willingly give up these positions of monopoly. 

The Workshop on Intergovernmental Issues in Airport Operation and Development 

(Murphy, 1987) has recently concluded that the current airline route patterns of "hub-and

spoke" will continue into the foreseeable future; and that one or two major air carriers will 

provide the dominant service (between 85 percent and 90 percent) at some very large hub 

airports. The workshop went on to say that the greatest impact on the airport system is 

expected to result from two areas: 

1. Continued dramatic growth of air transportation; and 

2. The constraints resulting from aircraft noise and from ground access limitations at 

large hub airports. 

It seems that competition is not as real as it sometimes appears, and it is only a matter 

of time before we fmd ourselves under the dominance of a few major carriers. This, in 

combination with the congestion and delays that prevail throughout the nation's air 

transportation system, is a direct result of limited capacity at the major hubs. Phillips 
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(1985) describes a growing problem with the present state of competition among the firms 

in the airline industry. 

If high levels of concentration at large hub airports make it more costly for 
P?tential competitors to establish operations and develop economically 
vtable route networks, either because of a potential entrant's inability to 
secure sufficient traffic or because of strategic actions taken by incumbent 
firms to disadvantage potential rivals, then competition among air carriers 
will be less vigorous than it would be otherwise. (p. 18) 

Airline officials have pointed out that perhaps some type of regulatory body should 

focus its attention on reducing entry barriers such as gates, terminal space, groundside 

constraints, and airport slots; and subsequently, stimulate policy options that would make it 

less costly for a rival to compete successfully against an air carrier that dominates a major 

hub. Michael ( 1987) contends that "the airport capacity problem is not system-wide, but 

rather it is at high-density airports where more capacity is needed" (p. 5). The basis of this 

statement is not being challenged. Granted, air capacity problems may not occur at all 

airports nation-wide. However, occurrences at even a few airports causes backups system-

wide, corrupting air passenger service and scheduling. The alternative solutions being 

offered should be seriously questioned. Many analysts have singled out airports as the 

cause of congestion and have attempted to remedy the situation with localized "band-aid" 

solutions at these sites. Unfortunately, treating the symptoms of the problem merely 

addresses its consequences rather than its causes, and the problem continues. 

Indeed, the problem lies with the absence of capacity, but the term "capacity" is being 

narrowly interpreted. It must be understood that the capacity of the airports is in many 

ways dependent upon the proper utilization of the "system" that contains them. An 

alternative approach involves an analysis of the airway system of which the congested 

airports (and the non-congested airports) form the nodes, and the interconnecting routes 

form the arcs. If it can be shown that the capacity of the system is constrained by the 

bottlenecks (i.e., major hub airports) in the system, and if these bottlenecks cannot be 
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altered feasibly to allow for increased traffic through them, then the route structure of the 

system that connects them must be addressed. The next section introduces the basic forms 

of airline route systems, and focuses attention on the airways as a key ingredient that is too 

often lacking in capacity planning decision-making. 

Airways 

The preceding material has attempted to define some of the problems and difficult 

decisions facing the airline industry today, and in the years to come. The barriers involved 

can only be superseded by the drive to overcome them, and the challenges for an optimum 

solution have prompted the need for creative insight for feasible alternatives. We now tum 

our attention to a less conspicuous, yet very important, aspect affecting air transportation 

capacity--the airways. 

Figure 2.3 illustrates the variety of possible network configurations that could connect 

a set of nodes. As one moves around the diagram, each network changes and gradually 

blends into another type. For example, at times it is difficult to distinguish between point

to-point and hub-and-spoke systems. In addition, point-to-point connections are often 

used in certain markets to supplement hub-and-spoke route systems. Actually, in theory, 

all networks are one variation or another of the hub-and-spoke system; however, in order 

to compare and contrast their differences, they must be clearly and consistently discernible. 

For the sake of clarity, the term "hub-and-spoke" always refers to a "single" hub-and

spoke network in this investigation, unless otherwise stated. The terms "point-to-point" 

and "linear" represent exactly what their names imply, both "extreme" cases of route 

networking. "Branching" configurations can be either simple or complex, and describe 

those patterns ranging in complexity somewhere between point-to-point and linear patterns. 

These types of hub configurations--hub-and-spoke, point-to-point, linear, and branching-

are illustrated in Figure 2.4. 
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Notice that as one moves from left to right in the diagram, network complexity 

changes. The two extremes range from the most complex (a complete point-to-point 

network) on the left to the least complex (a complete linear network) on the right. Point-to

point networks offer direct connections between every node, but require the greatest 

number of paths among all the networks to do so. As one moves toward the linear 

network, the number of paths and/or directness of connections decrease. The linear 

network is reached when the total length of the arcs and the directness of the connections 

are minimized. Branching networks provide a transition between point-to-point and linear 

networks, and offer a logical means for studying the gradual change in trip directness and 

total system distance between the extremes (see Appendix A). The next section compares 

two basic route systems that have been in existence over the last decade--point-to-point and 

hub-and-spoke networks. Their mutual, yet variable, existence reflects the ever changing 

conditions that have occurred since deregulation. 

Hub-and-Spoke versus Point-to-Point Networks 

Prior to deregulation, point-to-point air transport was more prevalent than it is today. 

Point-to-point describes a transportation system in which the mode of transportation 

(aircraft) travels directly between origin and destination points (cities). This produces some 

cost-saving advantages, often resulting in cheaper fares for passengers. However, since 

deregulation, point-to-point travel has given way to hub-and-spoke travel. Hub-and-spoke 

describes a transportation system in which the aircraft travels from the origin to a central 

location (i.e., the hub) before going on to its destination. Here, one stop is all that is 

usually required, minimizing airport interchanges. Today, the majority of airline traffic 

connects through a hub system, although point-to-point travel can still be found, and is 

competing rather well. 
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Why has the airway structure tended to be more like that of a hub-and-spoke system 

rather than point-to-point? There are numerous reasons, many of which have already been 

discussed. Point-to-point route systems consist of multistage, long-haul connections 

between large cities, and may often require larger aircraft for longer range. With larger 

aircraft and lack of feeder traffic, passenger load factors may be low unless the city pairs 

themselves are high traffic generators. Long travel distances may warrant overnight 

layovers. These factors place considerable pressures on route network planning, and 

contribute to reduced aircraft utilization rates. The hub-and-spoke avoids these obstacles 

by increasing frequency and using smaller aircraft with higher yields. Here, aircraft are 

usually always one flight away from home base. Maintenance, servicing, and apron 

services are centralized rather than diffused to various locations through an extended 

network (Toh and Higgins, 1985). In the following passage, Phillips (1987) describes the 

vulnerability faced by airlines using point-to-point operations," ... especially from new 

entrants, which have lower unit costs than established carriers. Hub-and-spoke operators, 

by contrast, reduce the risk of successful entry, since they operate in many markets 

simultaneously and thus are in a position to use the 'feed traffic' generated in one market (a 

'spoke') to support (or 'cross feed') operations on other routes" (p. 216). 

Probably the greatest overall contributor to the growth and development of the hub-and 

spoke network can be seen in two ways: the falling costs of fuel and interest rates, and hub 

dominance based on regional consumer association. The low costs of fuel and interest 

rates relative to the pre-deregulation period have fostered hub development and explosive 

airline expansion. Consequently, an airline's ability to purchase more aircraft to support 

additional "spokes" has enabled it to increase its frequency of flights feeding through the 

hub--a key element for airline monopoly and control at that hub. Once established, regional 

identification is then enhanced, and the airline gains the consumer loyalty that gives it the 

competitive edge over other airlines in the same market. With a point-to-point system, it 
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appears that the only way for an airline to preserve regional identification is to maintain a 

route network dense enough so that consumers can associate that airline with the region. In 

this way, some airlines using the point-to-point system have been able to compete 

effectively with hub-and-spoke operations. 

Con~stion and Delays 

All three major components of the air transportation--airlines, airports, and airways-

are both suffering from and contributing to the growing pains of an industry expanding 4 

percent to 6 percent annually. This growth, in combination with the relative lack of growth 

of airport capacity, has led to two major problems: congestion and delays. Both being the 

cause and effect of the other, their symbiotic relationship affects passengers nation-wide. 

The attempts of some airport officials to treat the problems strictly on a local basis have had 

minimal success. A great part of the problem lies between two opposing interest groups: 

airports (being local entities answering to local politics) and the airlines (who must serve a 

national constituency). This section first presents the topics of congestion and delays 

separately, brings them together with a discussion on air passenger demand, then 

concludes by directly relating all three aspects to airport capacity. 

Con~estion 

Normal flight operations into and out of the airport can be stressful. "In less than an 

hour at major airports, up to several dozen flights must land, passengers must get off, the 

planes must be cleaned and serviced, luggage must be unloaded and loaded, passengers 

must board, and the planes must taxi out and take off' (Voelcker, 1986, p. 77). In 

addition, pressures to stay on schedule are immense, and cutting corners on service and 

maintenance is sometimes the only way to meet flight times. The FAA has mandated that 
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an aircraft carry at least 45 minutes of fuel in excess of the amount needed for the journey, 

but at busy major airports, this precaution might not be enough of a margin of safety due to 

air "traffic jams" in the sky (Voelcker, 1986). Some argue that congestion does not exist 

system-wide, but occurs only in isolated incidents, and therefore should not be given such 

"broad" attention. However, it must be remembered that one major airport affects all. 

Since they are all linked, congestion at one hub can back up traffic throughout the system; 

so in reality, there is no isolation. 

Congestion results in a "temporal" way because airlines bunch their flights into certain 

peak demand hours, even though they know this will inevitably sacrifice on-time landings 

(Gosling, 1987). Table 2.2 shows the effects these practices have had on daily available 

passenger seats between Los Angeles and New York since deregulation. By April1985, 

for example, although passenger demand accounted for only 54.1 percent of travel during 

morning or evening hours, airlines were "clustering" 68.4 percent of their daily seat 

departures into these slots in attempts to capture the more profitable, inelastic business 

travel market. Consequently, because flights have been eliminated during less peak period 

hours, many recreational travelers often have had no choice but to travel during these busier 

times, contributing further to a congestion problem already "spatially" constrained. 

Table 2.2 Percentage Time Distribution of Hypothetical Demand and Actual Seat 
Departures for New York to Los Angeles Daily Nonstop Flights 
(Brander and Cook, 1986, p.20) 

A~l!H!.l S~at D~artur~s 

Time of Hypothetical Nov. Nov. Dec. Apr. 
~ Demand 'n :.8..Q '84 ~ 

8 a.m.-10:59 a.m. 33.3 18.1 23.2 27.0 36.5 
11 a.m.-12:59 p.m. 8.3 22.1 15.0 7.3 7.4 

1 p.m.-2:59 p.m. 8.3 0.0 0.0 0.0 0.0 
3 p.m.-4:59p.m. 8.3 10.1 6.4 20.9 9.9 
5 p.m.-6:59p.m. 20.8 26.2 34.1 21.2 31.9 
7 p.m.-10:00 p.m. 20.8 23.5 23.2 23.6 15.1 
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This clustering phenomenon is readily observable--both temporally (a schedule 

change) and spatially (an attempt to enter a new market)--when one compares the scheduled 

departures of airline companies to meet those of their competitors. This head-to-head 

scheduling is a prime ingredient in the congestion problem, "adding to the dissipation of 

economic rent that could otherwise be earned" (Brander and Cook, 1986, p. 20). At 

present, no carrier is willing to give up its present short-term gains (e.g., scheduled 

departure time) for long-term utility (off-peak departures) at the risk of losing choice 

departure times to competition. Gourdin (1988) summarizes this as follows: 

One of the biggest problems facing the industry today is airport congestion, 
a condition exacerbated by the hub-and-spoke method of operation that 
concentrates all aircraft activity into certain narrow time periods during the 
day. Much of the scheduling problem at major airport hubs is a direct result 
of airlines' attempts to meet the demands of their customers; that is, 
providing service at the times passengers want to fly. Unfortunately, 
people tend to want to fly at the same times, so all the airlines schedule 
flights right around those times. The inevitable result is delayed flights, 
which hurt everyone: passengers miss connections, airlines lose money as 
planes bum fuel on the ground, and the government air traffic control 
system gets saturated. However, the carriers do not feel they can curtail 
service since satisfying demand is the rule of the day. In other words, 
unless everyone reduces the number of flights offered, no one will do 
anything. (p. 27) 

Congestion increases both the operating costs of the carriers and the time delays for 

industry and passenger alike. It does not limit itself to isolated situations, but affects all 

airline traffic in a spatial and temporal chain reaction. Consequently, attempts to solve the 

problem of the over-concentration of flights at a limited number of airports cannot be 

pursued on a site-by-site basis, but must on a system-wide basis (Gosling, 1987). 

Delays 

Passenger delays are the inevitable result of airport congestion. By definition, a delay 

is generally recorded when the aircraft departs or arrives at the airport more than 15 minutes 

after its scheduled published departure time. Table 2.3 presents airline delays at 50 of the 
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Table 2.3 Present and Future Air Carrier Delay at 50 SDRS Airports 1986-1996 

(Airport Capacity Enhancement Plan, 1988, p. 1-16) 

Total Hours of Delay Percent 

AiJ:ports 
Change 

.128.6 .122Q 1986- 1996 

Denver Stapleton International 38,400 158,200 312.0 
Chicago O'Hare International 133,200 156,200 17.1 
Atlanta Hartsfield International 87,600 103,300 17.9 
Dallas/Ft Worth International 76,000 90,000 18.4 
Newark International 60,000 67,100 11.8 
Phoenix Sky Harbor 24,200 66,200 173.6 
Los Angeles International 56,200 61,900 10.1 
St. Louis Lambert International 35,100 59,900 70.7 
San Francisco International 57,100 59,000 3.3 
Detroit Metropolitan 27,200 57,700 112.1 
Washington Dulles 12,900 54,300 320.9 
New York La Guardia 43,300 47,000 8.5 
Boston Logan International 34,500 46,700 35.4 
Honolulu International 23,800 44,500 87.0 
New York Kennedy 33,000 43,800 32.7 
Minneapolis-St Paul International 29,700 43,700 47.1 
Orlando International 13,400 43,600 225.4 
Philadelphia International 18,700 41,700 123.0 
Miami International 31,000 41,500 33.9 
Salt Lake City International 14,700 30,300 106.1 
Houston Intercontinental 16,400 29,100 77.4 
Washington National 24,300 28,800 18.5 
Memphis International 18,300 27,000 47.5 
Kansas City International 13,600 26,000 91.2 
Pittsburgh International 20,000 24,500 22.5 
San Jose Municipal 12,100 24,300 100.8 
Seattle Tacoma 17,500 24,100 37.7 
Las Vegas McCarran International 14,100 23,700 68.1 
Nashville Metropolitan 11,300 23,500 108.0 
Cincinnati Municipal 6,800 23,400 244.1 
Ontario International 8,400 22,600 169.0 
Raleigh/Durham 4,800 21,600 350.0 
Tampa International 10,400 19,300 85.6 
San Diego International 13,400 19,100 42.5 
Baltimore-Washington International 11,800 16,800 42.4 
Cleveland Hopkins International 11,900 12,700 6.7 
Albuquerque International 7,200 12,400 72.2 
Dayton International 9,500 12,400 30.5 
Port Columbus International 4,600 12,300 167.4 
Windsor Locks Bradley International 6,000 11,900 98.3 
Oakland International 6,800 11,600 70.6 
Milwaukee Mitchell Field 6,000 11,000 83.3 
Portland International 8,800 10,100 14.8 
New Orleans International 5,300 8,500 60.4 



Table 2.3 (continued) 

Total Hours of Delay 

35 

Percent 
Change 

Airports .l2RQ 

6,100 
4,400 
4,700 
5,800 
4,000 
4,200 

1.22Q 

8,000 
7,900 
7,000 
6,900 
5,200 
5,100 

1986- 1996 

San Antonio International 
West Palm Beach International 
Austin Mueller Municipal 
Indianapolis International 
Sacramento Metropolitan 
Jacksonville International 

31.1 
79.5 
48.9 
19.0 
30.0 
21.4 

nation's busiest airports between 1986 and 1996. Quantifying the cost of delays (for 

airlines and passengers alike) has been a difficult task. Because delays are unpredictable, 

they can not be incorporated into travel time estimates--until, of course, the plane is late. 

Reservationists and ticket agents often find themselves shouldering passenger discontent. 

Flight attendants must buffer the complaints of restless passengers who, after boarding, 

find themselves merely waiting in the plane on the runway instead of in the airport terminal. 

Englander (1988) predicts that the number of airports experiencing serious flight 

delays will more than double between 1988 and 1996. These estimates are illustrated in 

Figures 2.5 and 2.6. Figure 2.5 illustrates the number of airports across the United States 

that exceeded 20,000 hours of annual aircraft delay in 1986. Assuming the nation's airport 

capacity will remain the same, a total of 32 major airports are forecast to have more than 

20,000 hours of annual aircraft delay by 1996 (see Figure 2.6). As air traffic increases 

over the next decade, it seems inevitable that airport users will experience longer and more 

costly delays unless some sort of capacity improvements are made. Judy (1987) offers the 

following analysis: 

Since 1978, domestic passengers have grown from 246 million to 405 
million last year [1987]. But the success of low fares and increased 
competition among airlines has caused problems for our nation's airports. 
New passengers require new or expanding facilities at originating, 
connecting, and destination airports, or else all passengers are faced with 
delays. (Judy, 1987, p. 735) 



Figure 2.5 Airports Exceeding 20,000 Hours of Annual Aircraft Delay in 1986 
(Airport Capacity Enhancement Plan, 1988, p. 1-14) 

Figure 2.6 Airports Forecast to Exceed 20,000 Hours of Annual Aircraft Delay in 
1996, Assuming No Capacity Improvements (Airport Capacity 
Enhancement Plan, 1988, p. 1-15) 
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What is the cost? It has been estimated that delays alone cost consumers $3.2 billion 

per year in lost time and $1.8 billion in extra airline operating costs, bringing the total cost 

up to $5 billion annually system wide (Airport Capacity Enhancement Plan, 1988). In 

1985, the U.S. business community lost $1.5 billion in productivity attributed directly to 

air traffic delays. Moreover, according to Steketee (1987), these delays "ground the 

equivalent of 250 commercial airplanes--the size of a major fleet--every day" (p. 2). The 

cost to the airlines has been passed on to the consumer in the form of ticket prices increased 

by as much as 10 percent to 20 percent, reflecting a system that is not only functioning 

inefficiently, but suffering from its own delays as well. 

The worry in making a connection when one's flight has been delayed (and the rush to 

make it once the plane has landed) adds unnecessary stress to what should be a relaxed, 

convenient form of travel. Major airports nationwide have attempted to alleviate passenger 

discomfort on the ground by offering certain amenities to cope with delays and lengthy 

overlays. For example, Englander (1988) notes that for every weary traveler delayed at a 

hub, a child-care center or health spa either has been planned or already built to 

accommodate him or her. Their abundance and popularity seem to suggest that people 

spend enough time in major hub airports to warrant both the need and use of these special 

facilities. In spite of this, however, one thing needs to be remembered: delays (to the 

extent we experience them today) are not indigenous to the airline industry, nor should they 

be. They are all too often misinterpreted as an expendable, unavoidable consequence of air 

travel. This form of rationalization leaves all problem sources blameless, and all possible 

solution attempts meaningless. 

Demand 

There exists a direct relationship between capacity, delay, and congestion, and how 

they relate to demand. According to the Airport Capacity Enhancement Plan (1986) airport 
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capacity is defined as the maximum number of operations (takeoffs and landings) that can 

be processed at an airport within a given period of time without regard to any delay that 

might be incurred. This definition of capacity assumes that the demand for service is 

continuous (i.e., that there is a continuous supply of aircraft available for takeoff and 

landing). As demand approaches capacity, delays increase exponentially. Figure 2.7 

illustrates this relationship. 

Variability in capacity and demand results in congestion. By definition, airport 

congestion occurs when queues of aircraft awaiting permission to arrive or depart are 

formed (Airport Capacity Enhancement Plan, 1986). The relation between capacity, 

demand, delays, and congestion is extended further as follows (Airport Capacity 

Enhancement Plan, 1986): 

If demand, on average, is low with respect to capacity, then occasional 
surges in demand will be followed by periods of relative idleness during 
which queues can be dissipated. When demand at an airport approaches or 
exceeds capacity for extended periods, however, it becomes increasingly 
difficult to eliminate backlogs. Any unexpected increase in demand or 
disruption that reduces capacity, even if it is relatively short-lived, can result 
in rapidly rising levels of delay that may persist throughout the day. (p. 2-2) 

Figure 2.7 

Delay 

Delay Rises Rapidly as Demand 
Approaches Capacity 

~ 
I 

I 
1 Capacity 
:Limit 

----Demand • 

Interrelationship of Delay, Demand, and Capacity (Airport Capacity 
Enhancement Plan, 1986 p. 2-2) 
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Delay grows exponentially after traffic saturation. Cirino (1987) has found an 

interesting relationship between passenger demand and airline delay: "An increase of 10 

percent in demand would result in a 60 percent increase in delay. A 20 percent increase in 

demand would see a 200 percent increase in delay" (Cirino, 1987, p. 36). Figure 2.8 

illustrates the relationship between capacity, demand and delay with improved capacity. 

Under these conditions, as demand approaches capacity, delays are noticeably less. 

Delay 

........................................... 
Delay Reduction ................... + ................... . 

Improved 
capacity shifts 
delay curve to 
the right. 

~~ 
1 Improved 
i Capacity 

~o·· 1! : ngma ~ 

~------------+-~'-C-ap_a_ci_t~~i--• Demmd 

Current Demmd 

Figure 2.8 Relationship Between Capacity and Delay (Airport Capacity 
Enhancement Plan, 1988, p. 1-5) 

Corporate demand. Of the estimated 54 million adults who took at least one airline trip 

in 1986, approximately 17.3 million (or 32 percent) were classified as business travelers; 

that is, they flew for work-related purposes at their employer's expense. Stephenson and 

Fox (1987) find that although less than half ( 46 percent) of all airline trips were business 

related, they accounted for $27 billion of the industry's $40 billion (68 percent) of 

passenger revenues. Demand for air travel is expected to almost double by the year 2000, 

and a major portion of this demand will continue to be for business travel. 
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Boberg and Cavinato ( 1986) note that since deregulation, "many airline managements 

[have] not seem[ed] anxious to deal directly with corporate travelers" (p. 15). They 

attribute this to "the business travel market [being] a relatively inelastic submarket for the 

airlines" (Boberg and Cavinato, 1986, p. 18). This costs the U.S. corporate world a 

tremendous amount of money each year, which, in tum, is ultimately passed on to the 

consumer in the price of their products. Hence, it is the U.S. economy that suffers from 

airline competitive struggles. This situation is expected to become more serious as air 

travel takes a more dominant role in company travel expenses. For the airlines, corporate 

travel as a source of revenue is virtually assured, and often forms (along with competition) 

the basis for setting profit margins in city-pair market travel. 

Many of the major airports are already experiencing congestion and costly delays, and 

as the airlines continue to feed more and more traffic through their "hubs," the situation is 

expected to worsen. Congestion is causing delays that reverberate throughout the U.S. air 

traffic sy~tem, not only impeding business, but compromising safety by reducing the 

margin of error (Fischetti, 1986). The mounting tension between people who control 

airports (with local interests) and airline officials (whose primary concern is to serve a 

national marketplace) needs to give way to more productive efforts to collectively tackle the 

problem. Such endeavors have recently found their way into the national spotlight in the 

form of proposed alternatives designed to mitigate air transportation congestion. 

Pro.posed Solutions 

It has been shown that congestion is a definite problem at many of the nation's major 

airports. This situation cannot be treated in isolation; it affects all airports because each is 

inherently linked to the other by the arterial network that routes traffic between these traffic 

nodes. The potential for even more congestion and costly delays is increasing. Labichm 

( 1987) predicts that scheduled airlines will be carrying 600 million passengers per year by 
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the mid-1990's. Parker ( 1988) expects this growth to continue, perhaps reaching one 

billion passengers by the year 2000. Regrettably, the hub airports cannot physically 

expand their facilities much beyond current operating levels. The post-deregulation 

investments made by airlines in their hub operations (and the marketing strategies that have 

resulted) make any alternative not incorporating these investments into its solution not only 

impractical, but virtually unfeasible. 

A variety of possible solutions, many of which could be used concurrently, have been 

suggested by airport operators, airline representatives, government officials, and both 

public and private consumer advocates. Special committees have been assigned to research 

the problem. Documentation of their reports ranges from national conventions to U.S. 

Congressional appropriations hearings. A few of their proposed ideas are briefly 

highlighted in the following sections. For the sake of clarity, these proposed solutions 

have been grouped into four areas: technological, spatial, economic, and governmental. 

Finally, a possible solution that falls into a separate category, reliever airports, will be 

discussed. 

Technolo2i.cally Based Solutions 

Advocates for technologically based solutions look to the computer as a means to 

"upgrade" existing airport operations. Inefficiency is seen as resulting from human control 

over areas that could be more effectively timed, spaced, and moderated with machines. 

Computers have already been implemented in a variety of control areas. With respect to 

airport capacity, for example, Perry and Wallich ( 1986) describe a recent addition of Apollo 

computers at the FAA headquarters in Washington, D.C. These machines have been linked 

to an ffiM 4341 in Atlantic City, New Jersey. Together they have enhanced the 

calculations of nationwide traffic flow into some 40 key airports. 



If an airport is becoming clogged and more planes are scheduled to arrive 
than can be accommodated, the Apollos compute a schedule of ground 
delays to keep planes from taking off for the crowded airports. This flow 
control program, which determines whether passenger landing times are 
pushed back and when a pilot can leave the gate, is one of the first elements 
of the system to affect the transport of airline passengers. (p. 40) 
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Other proposed applications of computer technology include the controlling of 

simultaneous landings on parallel runways, the timing and distancing of airplane landings 

(extending even to the airplanes' points of origin), and the development of new programs 

that attempt to resolve many of the side-effects caused by adverse weather conditions. 

Mechanizing the number-crunching tasks has proven successful, and its continued 

application in areas that enhance human monitoring and control of airport congestion 

should be seriously considered. However, unpredictable situations with unforeseen 

complications sometimes require split-second monitoring (and always intuitive decision

making), and this is not the place for programmed solutions. Computer applications in this 

regard could prove not only ineffective, but also extremely dangerous. Increasing the 

number of landings per unit time lessens the margin of safety, and produces the potential of 

worsening congestion problems should they occur. Once again, the same question arises 

both for the computer software and hardware vendors (attempting to find a market for their 

products) and for the prospective buyers: Is such a solution really dealing with the causes 

of the problem, or merely its consequences? 

Spatially Based Solutions 

Spatial modifications for capacity enhancement involve some type of physical 

expansion, and can occur in either of two ways: by building more airports, or by adding on 

to existing airports. Attempts to expand the airport system by building new airports were 

discussed earlier in this chapter, with prospects for development in this area looking 

meager. New airports in most congested hub cities seem quite unlikely in the near future 
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because: the expenses involved are huge (e.g., Denver's new hub has been conservatively 

priced at $3 billion); environmental impact problems have created strong local opposition; 

political complications have arisen from both the local city factions as well as the airlines 

themselves; and both Federal and local support seem to be lacking. 

The physical expansion of existing airports encounters many of the same financial 

difficulties. But in addition to this, other environmental considerations such as increased 

noise levels in combination with bitter neighboring community opposition usually thwart 

any development plans in this area. The latter problem occurs because actual airport space 

for most congested airports is already surrounded by the community it supports. There is 

no room available for added runways and/or added terminal space. 

On the one hand, airport planners and airline passengers prefer that airports 
be located close to the city. On the other, airports are noisy, take up a lot of 
space, and breed traffic jams ... [Airport] expansion of most existing 
airports is virtually impossible as well, since population shifts over the 
years have enfolded their once rural locations, eliminating the land and 
space needed for facility growth. (Gourdin, 1988, p. 27) 

Finally, heavy congestion periods are cyclical and inconsistent, both diurnally and 

seasonally. The building of new airports, or the expansion of existing ones, might not 

prove cost-effective in the long run. For example, as was previously pointed out, the 

establishment of a new "superhub" at Denver was seriously hindered due in part to the lack 

of financial support from its airline investors. This investment conservatism stems from 

three basic sources: 1) the risk associated with the huge amount of initial investment 

required by participants; 2) the uncertainty of demand due to the variability of regional 

economic conditions; and 3) the more immediate concern of the free-for-all deregulated 

environment that has caused airlines to scramble for available markets. Until the conditions 

under deregulation become more stable, it is unlikely that the nation's major airlines will 

make attempts to support these new "superhubs" with long-term financial investments. 
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Economically Based Solutions 

Economic mitigation measures attempt to deal with the diurnal and seasonal variation 

of congestion by manipulating the economic rent of time, not space. This is based on both 

landing slot availability and passenger demand. Various forms of this type of control exist. 

One involves the use of price controls to ration capacity. By design, this procedure 

involves a bidding process whereby "the ability to pay for a slot reflects the profitability of 

particular flights rather than carrier size" (Brander and Cook, 1986, p. 22). In this way, 

"landing slots are awarded to the highest bidder, maximizing the return that could be 

generated by each slot and, hence, airport revenues" (Brander and Cook, 1986, p. 18). 

The dissipation of economic rents (in this case, landing slots) is illustrated in Figure 

2.9. From the point of origin at zero, both the marginal social cost curve (MSC) and the 

marginal private cost (MPC) curves grow exponentially, allowing economic rents to be 

fully exploited (point B). In Figure 2.10, all markets move once again toward the rent-

exhausting level output, but this time they run up against the constraint imposed on the 

number of landing slots available. This limits passenger volume. The dissipation of 

economic rents, exacerbated by the clustering of flights, creates excess demand for slots. 

Another form of economic control is basically an extension of the price bidding option 

mentioned previously. This alternative passes the burden of higher economic rent for a slot 

directly to the passengers in the form of ticket surcharges, so that those desiring to fly 

during peak periods would pay to do so. Gourdin (1988) notes: 

The airlines would not be forced by fiat to artificially restrict capacity solely 
to minimize congestion; rather, they could reduce flights and reallocate 
resources as demand fell due to the rising prices. This would also serve to 
encourage the use of flights during off-peak hours, thereby improving the 
efficiency of existing airport and air traffic control resources. In addition, a 
market-based fee system such as this would eliminate much of the private 
aircraft traffic around major hubs during peak periods, thus improving 
safety margins and reducing air traffic still further. (p. 27) 



Prices 
and 

Costs 

0 v c 
Revenue Passengers 

LEGEND 
MSC = Marginal Social Cost curve 
MPC = Marginal Private Cost curve 
P = AR =Demand Curve 
OV = Initial Traffic Volume 
VN =Price at OV 
NQ = Economic Rent, leading to expansion 
(OC) 

45 

OC =Output Expansion Extent due to Eco. Rent 
At OC, P=AR=MPC = All economic rents have 
been used up. Decisions were made on the 
perceived marginal private cost curve (MPC). 

Figure 2.9 The Dissipation of Economic Rents (Brander and Cook, 1986, p. 19). 
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Figure 2.10 Slot Constrained Externality (Brander and Cook, 1986, p. 19). 

The idea of using economic controls through pricing to relieve congestion peak periods 

has been considered for decades and has been tried at several airports in recent years. 

Advocates of this form of control have maintained that with such strategies intact, traffic 

diverted to off-peak periods would better use the existing airport system, reducing social 

cost during peak loading periods, and "improve [the] utilization of the infrastructure" 

(Brander and Cook, 1986, p. 23). 
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Why then are economic controls not more universally applied? The implications 

involved are many. Basically, left to the market place, economic controls are very difficult 

to administer. Every airport is independently managed, so a system-wide policy cannot 

easily be implemented. Could the enforcement of price controls be left to airport managers? 

This would not be very effective either. As we have already seen, airline influence at many 

of these airports could sway airport management's decisions. In addition, the ownership 

of slots currently lies with the airlines, not the airports; consequently, any form of 

economic mitigation to curtail congestion would be difficult to enforce. 

Peak period congestion "tolls" are by far the most practical solution yet to date. But 

they can only exist if "contestability" in the marketplace exists. Otherwise, long-run 

collusion by a relatively small number of firms could seriously curtail any prospects for fair 

price control bidding. With the way current oligopolistic trends in the airline industry are 

going, price control bidding seems highly unlikely in the near future. These economic 

mitigation measures might best be used in combination within a broader policy plan. 

Governmentally Based Solutions 

Does the government need to redefine its role in a deregulated environment? As an 

alternative to reregulation, perhaps market forces could be shaped. Why does there seem to 

be no initiative to establish some sort of national policy to control congestion? Two 

reasons provide an answer. First, at present, funds are lacking. It is not that the money 

does not exist. The Aviation Trust Fund currently holds $5.7 billion financed mainly 

through 8 percent airline ticket and fuel taxes mandated for air traffic system improvements. 

But the money is tied up in the Office of Management and Budget (OMB) because of the 

recent administration's problems with the national deficit (Fischetti, 1986). There have 

been a number of proposals to resolve this dilemma. Fischetti (1986) presents one option 

that involves the removal of the fund as an item of the federal budget to free it of its burden 
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to the government deficit. He contends that the FAA should become a quasi-independent 

federal corporation such as the Postal Service, having a voice in Congress through a 

technical advisory board. However, based on this analogy, one must ask if such a position 

within the government would really be beneficial to the consumer, or would it lead to gross 

inefficiencies, protected under the guise of a government stamp? 

The second difficulty involving government control of congestion lies with its 

relatively slow ability to act. The approving of funds, the lengthy debates through 

Congress, the special interest groups lobbying for their constituents, the implementation 

procedures--all would prove ineffective against the day-by-day market changes within the 

deregulated environment. In response to the congestion problem, the FAA has made a 

recent attempt to restrict flights at airports where traffic regularly exceeds capacity at peak 

hours (Fischetti, 1986). Airlines have voiced their fears of "reregulation" at this prospect. 

According to the Air Transport Association (AT A), not only would this decreased supply 

of available flights inconvenience the traveler, but because of even lower utilization and 

increased demand, higher air fares in those markets also would result (Flint, 1988). 

Federal control alone will not resolve the continued delays and mounting pressures to 

handle capacity overflow during peak congestion times. Government regulation reforms 

are difficult to implement because they are slow moving and widespread. In 1986, 16 

major airports were seriously congested, according to the FAA. These airports handled 43 

percent of all passengers nationally (Judy, 1987). Hale ( 1987) estimates that operations 

will increase 52 percent by the year 2000 and the commercial jet aircraft fleet will grow by 

30 percent. Once again, the resulting congestion will not be spread uniformly across all 

airports. Unless capacity is somehow increased, it is expected that 58 commercial service 

airports handling 7 6 percent of all passengers will be congested by the year 2000. Hale 

(1987) also predicts that passenger enplanements at large hub airports will increase 71 

percent by that same year, and enplanements at medium hubs will more than double. Thus, 



the air transportation industry is expected to undergo substantial change in the coming 

years. It will require a planning, management, and design policy that will not only allow 

this change to occur, but also will be flexible enough through this change to establish 

efficient and effective guidelines for decision-making. 

Reliever Airports 
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One alternative that has generated a great deal of interest in recent times lies with the 

use of reliever airports, or satellite airports. Satellite and reliever airports are virtually 

synonymous in that the word "satellite" was a precursor of "reliever." Reliever airports 

take two basic forms: smaller, typically older inner city airports, and under-utilized military 

bases. Both could be used to relieve congestion occurring at the larger, more modem hub 

airports located in or near the same cities. Toh and Higgins (1985) and Konrad (1985) 

have investigated the matter in a few selected cities and have determined that using reliever 

airports helps alleviate congestion. According to Klass (1987), by handling general 

aviation aircraft at reliever airport sites, the wasteful nature of allowing a small aircraft 

carrying several people to use a landing or takeoff slot at a major airport during peak hours 

that could be used by an airliner carrying several hundred would be curtailed. Some of the 

aspects surrounding reliever airports are further discussed in the following excerpt from 

Donald D. Engen, FAA Administrator, presented to the American Institute of Aeronautics 

and Astronautics Annual Meeting (Konrad, 1985): 

Airports are where it all comes together whether you're an aircraft 
manufacturer, engine manufacturer, aeronautics engineer, airline employee, 
corporate operator, fixed based operator, or, last but not least, a pilot 
looking for a place to land, take-off, or park your airplane. Without an 
adequate system of airports, our nation's air transportation system will 
atrophy. It will not grow nor can it operate efficiently. And that will mean 
serious repercussions throughout the economy and fabric of American life. 

A couple of years ago, the FAA did a survey of airport problems in 41 large 
metropolitan areas and the results were amazingly similar. According to 
some estimates fve seen, they (technical fixes) might yield capacity 



increases in bad weather of up to 30 percent at some locations. But the 
system-wide effects will be considerably smaller ... probably in the range 
of five to ten percent increased capacity. 

The point.l want to make here is that technology alone is not going to solve 
o~ capacity problems and we should not delude ourselves into thinking it 
will. Some people see increased joint use of military aviation facilities as 
another parallel solution to the problem of capacity crunch. This is not an 
answer in my book. Both the National Airspace System Plan and the 
National Plan of Integrated Airport Systems conclude that few, if any, 
major new airports will be built in the next decade. 

Another alternative that has received a very high FAA priority is the 
development and maintenance of so-called "reliever" airports ... In fact, 
reliever airports now are the focus of general aviation activity in most 
metropolitan areas. If additional relievers are not provided, many of the 
existing facilities will become saturated, choking general aviation growth in 
metropolitan areas and adding to the overall congestion problem. (p. 7) 

The problem with using reliever airports is similar to the constraints limiting the 
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physical expansion of existing hub facilities. Most potential reliever airports in large 

metropolitan areas are already being used to full capacity by commercial airlines who have 

found it more economical as well as competitively advantageous to service the region from 

that airport. Lack of space for facility expansion, opposition to increased noise levels, 

increased ground traffic congestion, and political (as well as financial) discrepancies--all 

have contributed to the rather slow utilization of these inner-city airports as relievers for 

congestion-plagued major hubs. The use of military bases as reliever airports in a few 

select cities is appealing during times of low military usage; however, such conditions are 

unpredictable. If there ever would arise the need for the military to reclaim these sites, the 

cost in terms of prior investment for infrastructure modifications and passenger services 

could prove extremely high for both the cities involved and the airlines serving them. 

Criteria for an Optimum Solution--A Review 

Many alternative solutions are being proposed to help relieve the congestion and delays 

that are becoming commonplace at many of the nation's major airports, but none of these as 
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yet has met general approval. Alternatives that tend to approach the problem through its 

consequences rather than its causes result in an array of proposals without any common 

focus. Consequently, each alternative must be seriously re-evaluated on the basis of its 

overall objective and widespread effects. Attempts to mitigate a system-wide problem 

through a "tunnel vision" approach will fail to achieve an equitable level of hannony and 

balance throughout the system. In line with this, alternatives that are too specialized and/or 

complex will also share the same fate. That is, once the "system" of airports experiences 

change (as a result of airline modifications to their airways}, any alternative that is either too 

directly tied to the airport or too complex to withstand frequent and unpredictable changes 

(especially common in the airline industry) stands a good chance not only of falling victim 

to the very same demand that originated it, but also of becoming part of the problem (and 

expense) rather than the solution. 

What criteria are needed for an effective solution? First and foremost, the Federal 

Government must redefine its role in a deregulated environment. At present, there is no 

initiative towards a national responsibility for putting the future aviation infrastructure in 

place. Judy (1987) describes the problem as follows:" ... what we really need is a 

massive attempt, somewhat like we did for the Interstate Highway System--as I call it, the 

interstate skyway system of the future. It has got to be defined, and ... we have really got 

to get a hold of this from a Federal responsibility" (p. 728). 

Not only must the Federal Government act as a policy initiator, but as a policy 

manager as well. Phillips (1985) has found that airspace and airport capacity constraints 

(which include physical limitations, environmental restrictions, and restrictions imposed for 

political and/or economic reasons) are tangled up with political and economic policies that 

are designed to protect investment at the larger hub airports, even if it means underutilizing 

medium-sized airports. This type of protection poses a serious threat to the enhancement of 

system-wide capacity. In order to achieve an optimum solution to the congestion problem, 
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the government's role in both airport development and airport/airline politics needs to 

change. Jackson (1987) recommends an air transportation policy that invokes government 

oversight and supervision. "The federal role should be to define a national system of 

airports, establish standards for that system, operate and maintain the nation's airspace 

system, collect most of the aviation user fees, and administer a hub program." (p. 20). 

Other airline officials have stated that continuation of fare wars will hurt only the 

business traveler, hence, there need not be any concern for government intervention (Power 

and Bernstein, 1988). However, the limitations of today's overloaded system under 

deregulation (and how this affects .all passengers) must be realized. Power and Bernstein 

( 1988) underscore this in the following way: 

With an air system already strained to the limit, government and industry 
must reach a consensus on the best ways to expand airports, create a 
flexible air traffic control system, and monitor fares to allow competition 
and keep the big players from unfairly exploiting their considerable 
strengths ... Otherwise, deregulation could tum into a national mess--and 
trigger government intervention, which the airlines want least of all. "If 
we're not going to have reregulation, and I'm not calling for reregulation, 
then Congress and the executive branch must ensure competition," says 
Senator John C. Danforth (R-Mo.), ranking minority member of the Senate 
Commerce, Science & Transportation Committee. (p. 71) 

Second, the congestion problem needs to be addressed holistically. For our present 

first generation airport system, we have no established ways to network around congested 

hubs. Because the congested hubs are the most visible signs of an inefficient system, they 

have usually been the first places of proposed solutions. This explains our massive 

attempts to increase airport capacity, instead of concentrating on system-wide capacity. It 

is important to remember that it is the "system" of airports that needs to be focused on, not 

just the individual airports themselves. The network of airports (and airways connecting 

them) is only as "strong" as its weakest path, and is as "weak" as its most congested hub. 

Finally, the air transportation industry is functioning within a first generation pre

deregulated airport system. Without even considering the real future needs of air 
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transportation, it was expected that there would be a $30 billion capital requirement 

between 1987 and 1992 to keep this first-generation airport system functioning efficiently 

(Judy, 1987). With steady economic growth and stable aviation fuel costs, domestic 

passenger enplanements were expected to grow by an average 4.6 percent annually 

between 1987 and 1999. This trend points to the need of setting some kind of mandate to 

upgrade our nation's first-generation pre-deregulation airport system to a second-generation 

post-deregulation airport system. 



CHAPTER Ill 

ME1HOOOLOGY 

A national system-wide capacity enhancement policy plan for the airline industry 

obviously was too immense an undertaking for the purposes of this research. The 

congestion problem can be investigated from numerous angles, including social cost, 

airline revenue losses, economic impact to airports, and air traffic control surveys. In 

addition, there are legal aspects, political differences, union groups, and environmental 

problems--all contributing to the real complexity of the problem. However, this 

investigation took another approach to the congestion problem; that is, one that involves the 

spatial relationship among airports and the network of routes connecting them. 

A look at the variety of possible network configurations linking together cities proved 

helpful not only in determining the trade-offs between direct, nonstop, and one-stop 

service, but also in understanding the implications of these type services as they affect 

congestion at the major hubs. We recall that if direct, nonstop service could be offered 

between every city-pair, then passenger utility would be maximized; and if all destinations 

could be connected with the shortest possible span, air service utility would be maximized. 

Obviously neither of these extremes can exist, for the maximum benefit of one represents 

the greatest cost in utility to the other. However, possibilities arise between these extremes 

offering "optimized" air passenger service from a system-wide perspective. Before 

discussing the procedures used in this investigation, the specific objectives of this research 

are reviewed followed by a brief look at the basic features associated with the minimal 

spanning tree model, the archetype used as the basis for this investigation's model. 
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Statement of the Objectives 

The purpose of this investigation was to develop the computer implementation of a 

mathematical model (named Air Max) that focuses on the "spatial" aspect of the congestion 

problem. AirMax was designed to help policy analysts find route networks that relieve 

congestion at over-crowded major hub airports, and increase the capacity of the system as a 

whole. In other words, AirMax attempts to get air travelers where they want to go, without 

requiring them to make unnecessary connections at congested hubs. With this in mind, the 

specific objectives of this research were as follows: 

1. To develop a generalized minimal spanning tree model (Air Max) that attempts to 

connect a group of different sized cities in such a way that congestion is relieved at 

the major hub airports. 

2. To demonstrate the model on a specific geographic region with actual data and a 

set of policy guidelines. 

3. To provide a visual illustration of this model through computer graphic techniques. 

A demonstration of the model was expected to accomplish two tasks: 1) to result in a 

route network that underscores travel efficiency (from the standpoint of the service) as well 

as effectiveness (from the standpoint of the passenger); and when demonstrated, 2) to give 

us optimized air passenger service, in a sense, through the establishment of a "branching" 

network. 

Minimal Spannin~ Tree Model 

The decision variables of an airport network must represent phenomena in some spatial 

sense. The nature of location theory and analysis involves the establishment of nodes and 

the placement of arcs among them in some finite space. The resources servicing these 

nodes travel along the arcs connecting them. In this investigation, the nodes were cities, 

and the arcs were air transportation routes. The basic model used in this investigation was 



tailored after a special type of network model known as a minimal spanning tree model. 

Austin (1989) describes this type of model in the following way: "The basic purpose of 

spanning trees is to connect the nodes in such a way that we can reach every node from 

every other node by traversing designated arcs ... A minimal spanning tree consists of a 

set of n-1 arcs (there are n nodes) such that all nodes are 'spanned' or connected, and the 

total cost or distance is as small as possible" ( p. 4-12). 
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Examples of situations where such models are used effectively and profitably include 

providing telephone or cable television service to a set of rural communities, scheduling 

regional airline service, or establishing battlefield communications among combat units 

(Austin, 1989). In its general form, Austin (1989) states the algorithm as follows: 

1. Choose any node and include the arc for the node closest to it in the spanning tree. 

Go to step 2. 

2. Scan all nodes currently connected by an arc in the spanning tree, and locate the 

unconnected node that is closest to a connected node. Include this arc in the 

spanning tree and go to step 3. 

3. If all nodes are connected, stop; we have found the minimal spanning tree. 

Otherwise, go to step 2. 

An illustration of a simple example is provided in Figure 3.1. Here, there are 14 

nodes and the minimum span traverses 13 arcs. The minimal span connecting all cities is 

represented by the darkened line. The span chooses a pattern of least resistance (greatest 

attraction) for all possible connections so that all points are connected at least once. It does 

not matter from which node the spanning process begins, for the resulting minimal span is 

always the same. This aspect provided one of several unique features that resulted in the 

selection of this model for this investigation. The next section describes the modifications 

that had to be made to enable the minimal spanning tree model to conform to the special 

requirements of an air transportation network. 
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Figure 3.1 Minimal Spanning Tree Diagram (Austin 1989 p. 4-15) 

Generalized Minimal Spanning Tree Model 

The minimal spanning tree model works well for the transportation and distribution of 

resources, as in the case of cable or communication networks. Here, the resources 

themselves suffer little or no inconvenience from traveling extra distances, or "stopping 

over" at several nodes before reaching their destination. However, the model in this form 

provides too simplistic an approach to address the movement of people. Passenger utility 

decreases not only with an increased number of stopovers, but also with stopovers at 

congested airports where delay occurs. For this reason, the term "generalized" (when used 

in the context of a generalized minimal spanning tree model) incorporates special features 

adapted especially for population movements. For example, the generalized minimal 

spanning tree model allows for more than n-1 connections among n cities, whereas the 

minimal spanning tree model does not (note Figure 3.1). In addition, the generalized 

minimal spanning tree model can span several nodes simultaneously rather than just one. 

The generalized minimal spanning tree model, like its counterpart, still produces a network 

with a minimum span, but under the conditions of certain constraints placed on the system. 
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AirMax: Description and Development 

The objective of a minimum spanning tree model normally involves "minimizing" the 

number of links connecting all the nodes that will result in an optimal solution. However, 

the mathematical expression of this process may require that the function be "maximized" 

instead of "minimized" if the term in question lies in the denominator of the equation. The 

model used in this investigation is an example of such a case, and was given the name 

"AirMax"--the computer implementation of a generalized minimal spanning tree model. 

AirMax was designed to logically explore possible networks in order to help planners 

optimize air passenger service as it relates to airport capacity enhancement planning. 

AirMax analyzes the route structures not necessarily from the point of view of individual 

city-pairs, but from the system as a whole. In so doing, the type of connection between a 

given city-pair (direct versus indirect) not only depends on the actual origin-destination 

traffic for that city-pair, but also on their relative location with respect to all other cities and 

their corresponding traffic. Thus, AirMax has the ability to simultaneously compute all 

city-pair variables and their corresponding weights for a system-wide minimal span 

transportation network--subject, of course, to any constraints placed on the system. 

An integer (otherwise linear) program implements AirMax by using a given set of 

binary decision variables to represent city-pairs in the study region. In the objective 

function, each decision variable has a linear coefficient that governs the weight that is to be 

placed on it . The values of these coefficients depict some reasonable relation between the 

city-pairs (e.g., distance, volume of traffic, and/or importance weights). Likewise, a great 

variety of mathematical functions representing this relation can result, depending on the 

number and type of criteria being addressed, the policy analyst's intent, and, of course, 

whether the objective function itself is being maximized or minimized. 

Air Max attempts to fmd an optimum network by maximizing the total sum of the 

weights for the decision variables in the objective function in such a way that all cities are 
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connected at least once. However, in order to tailor the model to fit the needs of policy 

analysts, AirMax must be able to answer the "what-if' questions that arise. This is 

handled by the placement of constraints on the model. Each constraint depicts a specific 

policy of the decision-maker. Examples of such policies for air travel in a congested airport 

environment include limiting the number of routes (spokes) allowed into the congested 

hubs, prohibiting direct connections between different sized cities, or setting a minimum 

threshold on the number of spokes emanating from certain airports. Each change in policy 

(the revision, subtraction, or addition of constraints) results in a unique networks every 

time the model is run, with some networks more appealing than others. Nevertheless, 

whatever the outcome, the model always gives the best possible solution under the 

conditions of the constraints placed on the system. 

Modeling a system-wide airport network is complicated by both its complexity and 

measurement difficulty. Variables that affect airport capacity range from runway 

dimensions to ground-based traffic patterns. An attempt to choose which parameters to use 

(and how to model them) poses an immense task for the investigator. Criteria such as 

origin and destination passenger data, aitpOrt facilities and equipment, and local annual 

weather conditions can all be accurately determined and quantified. However, difficulties 

inevitably arise when trying to quantify many of the qualitative characteristics. Examples 

of these include local community support (especially financial support), environmental 

impact (including the possible displacement of people and/or land-use activities from 

increased airport activity), and the number and type of local facilities needed to 

accommodate lengthy layovers or overnight guests. The decision as to how many variables 

to use in the model is crucial, and is ultimately left to the decision-maker. 

The relative scale on which AirMax is being applied must be known as well, and 

should always be determined prior to running Air Max. Fine tuning the model to search out 

a minimal span for routes among airports on a certain scale requires slightly different linear 
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coefficients in the objective function (based on scale) than for a network on a different 

scale. As an analogy, this is much like focusing a camera before taking a picture. Once the 

scale of the investigation is determined (as depicted by the distance between the object and 

the lens of the camera), a clearer picture can be taken. 

The actual route expansion process occurs in a hierarchical way, beginning with the 

the largest sized city-pair combination first. Once completed, AirMax proceeds sequentially 

to the next sized city-pairs until the expansion of all city-pair groups has been completed. 

For example, if an investigation had airports classified as primary, secondary , tertiary, 

etc., then it might begin with a primary-to-primary airport group analysis first, followed by 

primary-to-secondary connections next, etc.; then eventually proceed to secondary-to

secondary airport connections, secondary-to-tertiary connections, and so on (see Figure 

3.2). In some situations, a certain sized city may not be present within a given scale, or 

perhaps a constraint might be imposed that prevents the spanning of a certain airport group. 

If this occurs, then the modeling must proceed to the next immediate level. 

Airport Types: 

Airport Groups: 

Primary, Secondary , Tertiary, etc. 

Primary-to-Primary 
Primary-to-Secondary 
Primary-to-Tertiary, etc. 

Secondary-to-Secondary 
Secondary-to-Tertiary, etc. 

Tertiary-to-Tertiary, etc. 

Figure 3.2 An Example Arrangement of Airport Groups for Route Expansion 

Although the scale of the analysis formally refers to the range of the area under 

investigation, it can be interpreted and treated in a relative way by the decision-maker, 

determined in part by the scope of the investigation, the relation of the variables, as well as 
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the nature of the modeling process. For example, a "regional" area of a country being 

modeled for route development using linear programming methods could be effectively 

interpreted as if it were itself an entire country; however, because of the linear nature of the 

model, it would require different coefficients in the objective function (due to spatial 

dimensions) if it were expanded to a much larger "national" scale. The actual number of 

subdivisions and types of scales to be modeled upon an area under investigation is left to 

the investigator. Regardless of the scale, AirMax analyzes and computes the data for each 

scale of study in a similar manner. 

Procedures 

During the modeling process, Air Max is asked to maximize or minimize an objective 

function. It analyzes the weighted values for every possible city-pair combination in the 

data set, and checks each combination of routes against the constraints placed on the system 

to come up with the best solution. As previously mentioned, the first decision that must be 

made is to determine the scale of analysis. Once decided, AirMax begins its route 

expansion process (see Figure 3.3). 

Initially, AirMax sets up the largest airports as the "seeds" from which first series of 

routes sprout. The routes are spanned on various levels, corresponding with city-pair 

groupings (e.g., primary-to-primary, primary-to-secondary, etc.). Only one level of routes 

is allowed to span at a time. While Air Max spans one level, the other levels are "turned 

off." This allows the growth process to occur in an orderly and controlled manner, and 

enables the decision-maker to concentrate on one level of expansion at a time. 

AirMax begins each level's route expansion process the same way, with the city-pairs 

in the most constrained condition (e.g., no routes for that level anywhere). On any given 

level, the modeling process begins by first allowing a single connection for every city-pair. 

Once completed, the constraints are "loosened" by a single notch, and the model is rerun. 
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I SEmNG UP THE MODEL Number and type of cities 
Determine Scale 14-

Location of cities 

Geographic range of the study area 

I 
IJnput Data ~ Objective Function J- Decision Variables 

I Linear Coefficients 
l Determine Order of Expansion I 

I 
l Establish Constraints 1~ I Policy I ,, 

t I ARST LEVEL~ :Begin Spanning Process ~Airport Groups Exist?) 

I First Series~ Yes I 
No l Next Series: 

i t No ~Constraint Violation? 

I End Spanning Process·~ 
Jves 

~-{Another Level of Route Expansion?}~ 1 ..... , 
+Yes 

I SECCW LEVEL: 1 Begin Spanning Process ~ 
I 

lFirst Series I 

!Next Series~ + f No (Constraint Violation? 

lEnd Spanning Process~ 
jves 

_..{Another Level of Route Expansion?) No .. -,, I Yes I THIRD LEVEL : :Begin Spanning Process: ~ 
I 

lFirst Seriesj 
I 

I Next Series: + f No (Constraint Violation?) 

Jves I End Spanning Process ..._ ,, • I END MODELING:~ 

Figure 3.3 Schematic Diagram of the Modeling Process for AirMax. 
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This time a second connection is made for all city-pair groups on the given level; and the 

process continues. With respect to a primary-to-secondary airport expansion level, for 

example, each primary airport would connect to one secondary airport at the end of the first 

run; to two secondary airports after the second run, and so on. 

If the expansion process were left to continue indefinitely, all city-pairs on a given 

level would end up with direct connections, leading to a non-optimum and non-realistic 

situation. Because this problem is common on all levels, it is necessary to place constraints 

on the model to detennine when the expansion process should end for one level, and begin 

for another. With the above example, the expansion might cease when all secondary 

airports in the study area were chosen by at least one primary hub; or it might end when 

each primary hub has used up its allocated number of "spokes." In any case, the decision 

rests ultimately with the policy-maker and his or her choice of constraints. 

Once the first level of expansion is completed, the model either proceeds to the next 

level or it is tenninated, depending on conditions imposed by constraints. If the expansion 

process continues, the addition of routes is monitored carefully once again by the decision

maker until the constraints prevent any further route expansion. When all levels of route 

expansion have been completed, the modeling process stops. 

The resulting route network may then be demonstrated and compared with other route 

structures. With the same criteria used for AirMax, networks such as hub-and-spoke and 

linear patterns can be produced. The results from these networks can then be analyzed and 

compared with the optimum network values produced by AirMax. Although this 

comparative analysis does not imply a final network solution to the airport congestion 

problem, it does indicate how AirMax can be used and demonstrated. 



CHAPTER IV 

RESULTS 

This investigation has focused on the spatial aspect of primary airport congestion. For 

the purposes of this investigation, applying Air Max on a "regional" scale seemed an 

appropriate way of analyzing this problem (see Appendix B). In light of this, AirMax was 

demonstrated on an area of the Southwest United States (see Figure 4.1). The region 

consists of six primary airports (large dots) and 19 secondary airports (small dots). 

Figure 4.1 Primary and Secondary Airport Locations in the Southwest U.S. 
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The choice of this locale was made on the basis of the investigator's familiarity with 

the area and data availability, and by no means was intended to reflect the decision-making 

capabilities of professional air transportation policy analysts. Since the scale of this 

demonstration was regional in nature, it entailed "short-haul" air transport. Short haul air 

transportation refers to air travel involving stages of distances between approximately 200 

and 400 miles (Massachusetts Institute of Technology Hight Transportation Laboratory 

Technical Report, 1965). Data for this investigation were obtained from the Origin and 

Destination Survey of Airline Passenger Traffic quarterly report (1987). 

Although a policy analyst may incorporate any number of variables into the objective 

function (that could then be maximized or minimized, depending on the nature of their 

relation) to determine an optimum solution, this investigation drew upon certain 

simplifications and assumptions in order to demonstrate AirMax. First, the capacity 

problem was approached from the demand side of air passenger service. Therefore, it was 

assumed that the "supply" of nonstop versus one-stop or multi-stop service between city

pairs depends on the "demand" of city-pair travel, subject to certain policy constraints. 

Consequently, the model's selection of routes, based on an analysis of system-wide traffic 

flow, reflected passenger demand, not aircraft type or frequency of flights. The inclusion 

of these latter variables into the model was left for future investigation by policy analysts. 

In addition, airport facilities and community accommodations vary noticeably from city 

to city. In order to simplify their differences, airports were categorized in two ways: by 

size and location. Airports were sized into one of three major groups: primary airports, 

secondary airports, and tertiary airports. Primary airports were congested airports in large 

metropolitan areas enplaning more than 100,000 passengers annually (National Plan of 

Integrated Airport Systems (NPIAS) 1986-1995, 1987), and experiencing more than 

10,000 hours of delay annually (Airport Capacity Enhancement Plan, 1988). Secondary 

airports, found in medium-to-large sized cities, were serviced by at least two national 
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carriers, and enplaned more than 100,000 passengers annually (National Plan of Integrated 

Airport Systems (NPIAS) 1986-1995, 1987). Tertiary airports, located in small-to

medium sized cities, handled mainly commuter airline traffic, and enplaned less than 

100,000 passengers annually (National Plan of Integrated Airport Systems (NPIAS) 1986-

1995, 1987). Data for airports located in multihub airport cities had been previously 

accumulated and grouped together in the source documentation; consequently, those hub 

cities with multiple airports were represented with a single primary airport designation for 

that city. 

For the demonstration of AirMax on a regional scale, two levels of route development 

were modeled: primary-to-secondary airports and secondary-to-secondary airports. The 

end result was a branching network, later called "AirMax." Once completed, certain minor 

cosmetic alterations to AirMax's branching network were performed, and the resulting 

network was renamed AirAlt. In this way, AirMax's branching network (or more 

appropriately, its "modified" version, AirAlt) could be more comparable to two types of 

hub-and-spoke networks, its closest competitors. In addition to the hub networks, three 

other types of networks--the traveling salesman, the minimal spanning tree, and a complete 

point-to-point network--were created using the same data set. The results of all these 

networks were analyzed and compared. Here, the same type of decision variables were 

used in the objective functions. Only the constraints varied from network to network, 

reflecting policy differences. 

Primary-to-primary airport connections were neither modeled or illustrated. From a 

regional network standpoint, it was assumed that all primary airport locations were 

connected to each other automatically by virtue of their relatively large volume of traffic. 

Furthermore, secondary-to-tertiary and primary-to-tertiary airport links were not modeled. 

These connections were not included in this demonstration of Air Max because of the lack 



of available passenger data at many of these sites. A more detailed account of these 

exclusions can be found in Appendix B. 

The Objectiye Function 
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The values of the linear coefficients that were chosen for the objective function reflect 

passenger demand from a spatial perspective. Because air transportation networks consist 

spatially of arcs (routes) and nodes (airports), "passenger flow" and "distances" between 

city-pairs were selected to represent demand values. The objective function was to 

maximize air passenger service "system-wide" by maximizing the total number of 

passengers traveling per unit mile of "route" distance for all city-pairs in the study region. 

In other words, AirMax was designed to develop a route network that would in effect find 

a compromise between maximum convenience for the passenger, and minimal network 

distance for the service. In order to optimize air passenger service in this way, total 

distance of service (network coverage), and measunnents for passenger convenience 

needed to be determined. Total service distance referred to the total mileage of all routes in 

the network. In this sense, air passenger service was analyzed and compared. Passenger 

convenience was measured in two ways: minimum route distance per average passenger 

trip; and minimum number of stopovers per passenger trip. The latter was presented in two 

parts: the average number of overall stops per trip along the shortest possible route, and the 

average number of primazy airport stops per trip along the shortest possible route. 

A mathematical formula relating air passenger service as a function of both the flow of 

traffic and distance between cities was developed. It resembles Sir Isaac Newton's Law of 

Universal Gravitation (Haggett, Cliff and Frey, 1977), and is expressed in the following 

way. Let: 
F .. 

lj 
A .. =K--;r 

IJ t' 
d .. 

lj (4.1) 



where, 

Aij = air passenger service between locations i and j 

Fij = round trip flow of traffic between locations i and j 

dij = distance between locations i and j 

~=constant 

K= constant. 
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As is illustrated in equation 4.1, air passenger seiVice is proportional to the flow of 

traffic between two cities, and inversely proportional to their distance. Stated in another 

way, passenger flow per unit distance between two cities helps determine the magnitude 

(weight) of direct air passenger service linking the two. For example, if the weight is great 

enough with respect to the entire flow of traffic in the system, then the two cities are linked 

directly. If not, then they are linked indirectly through stopovers at one or more other 

cities. 

The mathematical representation of this formula when placed in the objective function 

is as follows: 

L 
F .. 

IJ 
MAX A(x .. ) = K~ x .. 

IJ 1-' IJ 
ij d .. 

IJ 

where, 

A = total air passenger service for the system 

Fij = round trip flow of traffic between locations i and j 

dij = distance between locations i and j 

~=constant 

K =constant 

Xij = 0,1 for all i, j. 

(4.2) 



68 

Values ~ and K need clarification. In the denominator of equation 4.2, the distance 

term is raised to the power ~ in order to reflect a distance decay of air passenger air service. 

The actual choice of a value for ~ has been a subject of debate. Newton's original gravity 

model has ~ equal to 2. Haggett, Cliff and Frey (1977) introduce a variety of uses for 

certain interaction models based on the Newtonian model and find that different curve fits 

on actual data can result in a wide range of~ values. For example, using Ravenstein's 

model, Hagerstrand (1957) finds that the value 3 provided a best fit to his study of out

migration in Sweden during the period 1860-1939. Chorley and Haggett ( 1967) indicate 

that appropriate values for the exponent may lie anywhere between 0.5 and 3.5. This 

investigation used a~ value of 2.2, adopted from a short-haul route analysis performed by 

the Massachusetts Institute of Technology Flight Transportation Laboratory Technical 

Report (1965). In Newton's original gravity model, constant K was equal to the universal 

gravity constant In equation 4.2, K is strictly a scale factor, and was set at 1,000,000. 

Other than providing an easier means of interpretating the values, it did not affect the 

performance of the model. 

In order to achieve the desired objective of relieving congestion at major (primary) 

airports, and enhancing capacity system-wide, constraints were placed on the model as 

follows: 

1. Secondary airports within a 180-mile radius of each other (less than 30 minutes 

flight time) were grouped together (see Figure 4.2). As a rule, only one secondary airport 

from each group was allowed to have direct access to a primary airport. This choice was 

based on AirMax's .fil]1 primary-to-secondary airport connection to that group. Once 

contact was made to one of the secondary airports from a primary airport, all other non

selected secondary airports in that group were not allowed a connection to a primary hub. 

This action was taken to "thin out" densely-packed routes extending from primary airports 

to nearby. closely spaced secondary airports. 



Figure 4.2 Secondary Airport Groups in the Southwest U.S. 

2. Once the first order route expansion process (primary-to-secondary airport ) 

ended, all secondary airports within a "group" were linked automatically to the specially 

chosen secondary airport (found in the ftrst constraint). This was necessary because air 

passenger traffic is affected noticeably by competition from other modes of transportation 

for cities within a 180-mile range, increasingly so as distances diminish. Unfortunately, 

high speed public transportation (by air or ground) among many of these cities is currently 

non-existent; consequently, the relatively low number of travelers using air transportation 

between these locations is reflected in the survey data. Without this constraint, attempts to 

model these "grouped" sites in the same fashion as other secondary airports in the study 

region would lead to nonsensical results. 
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3 · The number of primary-to-secondary spokes allowed to emanate from each 

primary airport was limited in order to relieve congestion at these locations. This number 

varied from primary airport to primary airport, depending on their relative location within 

the study area. Dallas, Denver, and Houston were allowed four spokes to secondary 

airports, whereas Las Vegas, Memphis, and Phoenix were allowed only three. This 

number was based on geographic location and was not intended to reflect any relative 

importance among cities. 

4. Secondary-to-secondary routes stretching beyond 400 miles while bypassing 

chosen secondary airports in the process were indications of over-extended routes, and 

were not allowed. This situation was expected to occur at a point when a level of route 

expansion had reached an optimum state. After two successive violations of this 

constraint, the secondary-to-secondary airport expansion process was stopped. 

Results of the Demonstration 

AirMax was run on a VAX 8650 minicomputer. Here, a program written in C 

analyzed the output and converted it to be read in DISSPLA, a graphics package that drew 

the maps. The progression of the spanning process is illustrated in Appendix C. 

Violations of policy were noted by placing double hatch marks on specific routes. The 

cancellation of these routes was incorporated as constraints in the model, and the model 

was rerun under the same conditions. If no violations occurred, the next iteration of the 

model was allowed. With each iteration, more connections were made. 

The frrst level route expansion process continued until the maximum number of 

allowed primary-to-secondary airport connections had been made for each primary airport. 

Here, the first level of the route spanning process was stopped (see Figure 4.3). Next, 

constraint #1 was activated, and all non-selected grouped secondary airports were linked 

automatically (see Figure 4.4). 



Figure 4.3 Completed Primary-to-Secondary Airport Expansion. 

Figure 4.4 Primary-to-Secondary Airport Network (Group Connections Added) 
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The second level of the route expansion process was allowed to increment by five per 

iteration, at first. During the time at which the network began to have distances exceeding 

the known distance values of other comparable networks (later determined), the increments 

were reduced to one per iteration so that the situation could be monitored more closely (see 

Appendix C). The model eventually encountered two successive violations of route 

overextension (Constraint #4), and was stopped. The final result of this second level route 

spanning process (secondary-to-secondary airport connections) was a branching network 

and was given the name "Air Max." It is illustrated in Figure 4.5. 

Air Max's branching network was the result of policy enforced by the model. 

However, upon closer inspection, it was desired by the decision-maker to decrease the total 

distance of the network. It was found that certain primary-to-secondary routes could be 

eliminated from AirMax by redistributing their traffic on already existing primary-to

primary, primary-to-secondary, and secondary-to-secondary routes, decreasing total 

network distance. These modifications were performed on AirMax's branching network, 

and the resulting network was named "AirAlt" (shown in Figure 4.6). 

With AirMax's two solutions intact, quantifiable comparisons were made with other 

types of common network structures. Figures 4.7 and 4.8 represent single and double 

hub-and-spoke networks, respectively, over the same geographic region. Dallas was 

chosen as the hub for the single hub demonstration; and both Dallas and Albuquerque were 

chosen for the double hub demonstration. Figures 4.9 and 4.10 represent two theoretical 

types of network patterns. In Figure 4.9, the traveling salesman network not only links all 

the cities in a linear fashion in such a way that all can be visited once in the shortest amount 

of time (distance), but it returns the traveler to his point of origin. In Figure 4.1 0, the 

minimal spanning tree network connects all cities with the shortest possible path. Both of 

these networks provide case examples, and were included for comparison with the other 

networks under examination. 



Figure 4.5 AirMax's Branching Network 

Figure 4.6 AirAlt's Branching Network 



Figure 4.7 Single Hub-and-Spoke Network 

Figure 4.8 Double Hub-and-Spoke Network 



Figure 4.9 Traveling Salesman Network 

Figure 4.10 Minimal Spanning Tree Network 
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Measurements of total distance, route directness, and intermediate stops for passenger 

travel for each of the networks were made in the following way. Let: 

Total Distance (x .. ) = ~ d~.x .. 
IJ £..J IJ IJ 

ij (Minimal Service Distance) 

~ (F .. x d" .. ) £..J IJ IJ 

Directness (x .. ) = __;;ij-==---- x .. 
IJ l IJ F.. 

IJ 
ij (Minimal Passenger Distance) 

~ (F .. x S .. ) £..J IJ IJ 
ij 

Overall Stops (x .. ) = __...:.,-==---- x 
IJ l ij F .. 

IJ 
ij (Minimal Airport Stops) 

~ (F .. x S" .. ) £..J IJ IJ 
ij 

Primary Airport Stops (x .. ) = x 
IJ l ij F .. 

IJ 

(4.3) 

(4.4) 

(4.5) 

ij (Min. Primary Airport Stops) (4.6) 

where, 

Fij = round trip flow of traffic between locations i and j 

d"ij = distance between locations i and j along the shortest path in the network 

Sij = number of intermediate stops between locations i and j along the shortest path 
in the network 

S"ij = number of intermediate stops at primary airports between locations i and j 
along the shortest path in the network 

Xij = 0,1 for all i, j. 
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In equation 4.3, "Total Distance" refers to the total length of the network. The lower 

this value, the lower the total length of the network necessary to move air passengers 

system-wide. "Directness" is measured in terms of the average distance of passenger 

travels per trip traveling the shortest route (equation 4.4). "Overall Stops" refers to the 

average number of stops a passenger must make per trip (equation 4.5). Yet, convenience 

may also be thought of in terms of the number of "Primary Airport Stops" that can be 

avoided on an average passenger trip (equation 4.6). Either way, both measures of 

passenger convenience (directness and intermediate stopovers) ultimately translate into 

passenger utility (time), whether it be flying extra distances in the air, or stopping at extra 

airports on the ground. The resulting measurements for each of the preceding networks 

(Figures 4.5 through 4.10) are presented in Table 4.1. 

Table 4.1 Modeling Results for Networks Demonstrated on the Southwest U.S. 

Servi~~ Utili~ Passen~er Convenience 

Network Total Avg. Miles/ Avg. #Stops/ Avg. #P-Stops*/ 
~ Distance (mi.) Passen~er Trip Passen~er Trip Passen~er Trip 

AirAlt 

Air Max 

Trav Salesman 

Min Span Tree 

Double Hub 

Single Hub 

10,308 

12,785 

5075 

3904 

9420 

10,217 

442 

440 

1056 

620 

541 

691 

Point-to-Point** 149,237 404 

* P-Stops refer to intermediate primary airport stops 
** included in this table only for comparison 

0.97 0.18 

0.84 0.05 

4.48 0.94 

2.84 0.32 

0.67 0.47 

0.65 0.65 

0.00 0.00 



78 

A discussion of Table 4.1 leads to some interesting results. All six major networks 

(illustrated previously) are represented under the category "Network Type." A seventh 

network, point-to-point (not illustrated previously) is included here to exemplify an extreme 

case where every city-pair is directly connected. Each of their total distances are listed 

under the category heading "Total Distance." As expected, the minimal spanning tree 

connects the cities with the smallest span. If distance alone were a determinant of the most 

efficient network, the minimal spanning tree network would be the obvious choice; 

conversely, of the six networks (excluding the point-to-point network), AirMax's 

branching network has the greatest network distance, and would be the most costly. 

Figure 4.11 illustrates this relationship (point-to-point network not shown). 

.lli: ... 
0 
~ -G) 
z 

AirAit 

AirMax 

Trav Salesman 

Min Span Tree 

Double Hub 

Single Hub 

0 10000 
Distance 

Figure 4.11 Total Distance Summaries for Each Network 

20000 

We next look at passenger convenience. First, the directness of each network is 

compared. In terms of miles of travel per passenger, we note that on the average, a 

passenger using the traveling salesman network would have to travel the farthest among all 

the networks to reach his or her destination. The point-to-point network (not illustrated) 

provides the least amount of mileage per passenger trip on the average. Mileage per 

passenger trip for the other six networks is shown in Figure 4.12. 
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Figure 4.12 Average Number of Miles per Passenger Trip for Each Network 
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Passenger convenience is also measured by average number of intermediate stops per 

passenger trip for each network. With respect to all intermediate stopovers, we find that 

both the single and double hub networks were most favorable. Not surprising, the 

traveling salesman network resulted in a poor showing, averaging nearly 4.5 intermediate 

stops per passenger trip. These results are illustrated in Figure 4.13. 
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Figure 4.13 Average Number of Intermediate Stops per Passenger Trip for Each 
Network 



Finally, we measure the convenience associated with avoiding a primary airport; that 

is, the percent of passengers among all air travelers who had to travel through a primary 

airport on an average trip. As expected, Air Max achieved the best results (excluding the 

point-to-point network) with a reading of 5 percent. However, the hub-and-spoke 

networks did not fare as well as they did for the overall average number of intermediate 

stops, and the traveling salesman network once again had the worst showing of all (see 

Figure 4.14). 
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Figure 4.14 Average Number of Intermediate Primary Airport Stops per Passenger 
Trip for Each Network 

Nearly every network appeared to have certain advantages; however, not without 

compromises. In search for an optimum network, all four categories--total network 

distance, miles per passenger, overall stops per passenger, and primary airport stops per 

passenger--were compared. Although the point-to-point network had the best rating for 

passenger convenience in all categories for all the networks, it also had the most total 

mileage. The traveling salesman network and the minimal spanning network shared other 

extreme values. The traveling salesman network required both the greatest number of miles 

per passenger trip, the most overall intermediate stops per passenger trip, and the most 
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intermediate primary stops per passenger trip. Although the minimal spanning network 

achieved the best rating in the total distance category, it did so at the expense of passenger 

convenience with nearly three stops on the average per passenger trip. The traveling 

salesman network fared even worse in this category. 

Clearly, neither the minimal spanning network or the traveling salesman network 

offered any distinct advantages for air passenger service. Excluding the point-to-point 

network (which was an extreme, unrealistic case), AirMax's branching network offered the 

passenger both the least amount of distance per passenger travel and the least number of 

intermediate primary airport stops on the average per passenger trip, but required the 

greatest amount of network service to do so. In terms of distance and passenger traffic, the 

four aforementioned networks--traveling salesman, minimal spanning tree, point-to-point, 

and AirMax's branching--did not provide an optimum, nor feasible, system-wide air 

service network. 

The remaining three networks--AirAlt's branching, single hub, and double hub--had 

stronger similarities. Between the two hub networks, the double hub appeared to be a 

better choice in three of the four categories over its single hub counterpart. Only in the 

average number of "overall intermediate stops per person" category did the double hub 

network fare worse, and then only by a fraction (0.02). Hence, between the two types of 

hub networks demonstrated, the double hub network had better results overall. 

The final comparison for an optimum network was left between the double hub 

network and AirAlt's branching network. Both of these networks had similar total route 

distances, with AirAlt's branching network having a slightly costlier service in terms of 

network distance--10,308 miles, compared to 9,420 for the double hub network. Aside 

from this, the real contention appeared to lie in convenience of passenger travel. AirAlt's 

branching network required an average of nearly one (0.97) stop per passenger trip 

whereas the double hub network required an intermediate stop only 67 percent of the time 
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for the average passenger trip. However, the tables are turned when we compare 

intermediate primary hub stopovers. Here, AirAlt's branching network only required on 

the average 18.3 percent of its passengers to stop at an intermediate primary airport 

compared to 47 percent for the double hub network. In addition, in terms of directness, the 

double hub network cost the passenger an average of nearly 100 more miles of travel per 

trip--541 miles for the double hub network compared to 442 miles for AirAlt's branching 

network. 

It might at first seem unrealistic for a person traveling AirAlt's branching network 

between San Antonio, Texas, and Tucson, Arizona, to have to land four times. Equally 

unrealistic would be the need for a person traveling either of the hub networks between 

Memphis, Tennessee, to New Orleans, Louisiana, to be routed through Dallas. Both cases 

depict the worst-case scenarios for an individual, for either network. In terms of 

convenience, the routes of AirAlt's branching network were developed on the basis of what 

is best for the "system" of passengers. Even with all multi-stop routes considered, AirAlt's 

branching network "averaged" k.s.s than~ intermediate stop per passenger trip, indicating 

a relatively large number of direct connections. Any addition of routes to the system (in 

order to offer more direct service for certain city-pairs) would undoubtedly benefit the 

passenger, but it would also raise the cost to the system in terms of total network distance. 

Hub-and-spoke networks rely on high volumes of traffic on their more direct routes, 

enough to offset the cost (both to the passenger and to the service) of lower volumes of 

traffic on indirect routes. This is reflected in its higher value for the "directness" 

measurement of convenience. However, there is another cost-related factor involved with 

most hubbing conditions; that is, delay caused by congestion. For example, in Table 4.1, 

we note that for system-wide passenger travel, the double hub network inconveniences 

passengers by requiring nearly half of them to make an intermediate stop at Dallas-Ft. 

Worth International Airport, a primary airport. Consequently, the problem of congestion 
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continues, affecting traffic throughout the system. A measurement of the actual amount of 

delay each passenger experiences because of this was beyond the scope of this 

investigation; however, the potential for delays and missed connections system-wide is 

nevertheless quite real, and should not be underestimated. 

This demonstration of AirMax did not include the modeling of tertiary airports (see 

Appendix B). However, Figures 4.15, 4.16, and 4.17 give some indication of what the 

single hub, double hub, and AirAlt's branching networks might have looked like, 

respectively, had tertiary airports been included. Although these illustrations do not reflect 

the best conditions for each type of network, they do provide a rough estimate of basic 

trends associated with each network on a system-wide basis as they grow in size and 

complexity. For example, with the addition of tertiary airports, all three networks' total 

route distances grew, but by different amounts. Total network distance measurements for 

the single hub, double hub and AirAlt's branching networks (with the tertiary airport 

connections added in) were 19,829 miles, 15,277 miles, and 14,129 miles, respectively. 

Not only did AirAlt's branching network grow the least among the three, but it resulted 

with the least amount of total network distance as well, indicating that as network 

complexity increased, service utility cost decreased for AirAlt's branching network relative 

to the hub networks. In terms of passenger utility, AirAlt's branching network did not add 

a single connection to any of its primary airports, maintaining its objective of keeping 

congestion away from these sites. 

In summary, AirMax produced a branching network, AirAlt, that in a spatial sense 

compared favorably with hub-and-spoke networks. With respect to service utility and 

passenger convenience (in the avoidance of congestion), the results from AirAlt's 

branching network were impressive. Although the double hub network service offered the 

convenience of fewer overall intermediate stops (0.67 stopovers per passenger trip 

compared to 0.97 stopovers per passenger trip for AirAlt's branching network service), 



Figure 4.15 Single Hub Network with Tertiary Airport Connections Added 

Figure 4.16 Double Hub Network with Tertiary Airport Connections Added 



Figure 4.17 AirAlt's Branching Network with Tertiary Airport Connections Added 

these stops occurred largely at congestion-laden primary hub airports. On the other hand, 

AirAlt's branching network offered passenger convenience in two ways: first, by avoiding 

congested primary airports (requiring an average of only 0.18 stopovers per passenger trip 

at these sites compared to 0.47 stopovers for the double hub network); and second, by 

saving the passenger nearly 100 miles of air travel per average trip. In this sense, AirAlt's 

branching network was found to be the optimum and most sensible choice. 

Of course, these fmdings were by no means conclusive, for a variety of variables were 

not considered. However, the results presented here do give some indication that if the 

number of "spokes" into primary hub airports were to be reduced to help relieve 

congestion, or if an airline needed access into slot-constrained primary hubs, branching 

networks like AirAlt's could be used effectively to preserve both passenger utility and 

service utility system-wide. 



CHAPTERV 

CONCLUSION 

Summazy 

This investigation has accomplished three important objectives: 1) to develop, design, 

and run a computer model that attempts to find an optimum route network span based on 

passenger traffic data and city-pair distances; 2) to use the output from this model to 

provide a better understanding of how the resultant network compares to existing route 

networks; and 3) to illustrate the network in graphic form. A review of the literature clearly 

shows that since deregulation, the nation's airport system has transformed itself into a 

network of "fortressed" hubs. Congestion stemming from these airports has caused 

serious delay problems system-wide. Because of the limited expansion capabilities at these 

sites, and because local solutions have had little success in curtailing the problem, this 

investigation turned to a "systems" approach to enhance airport capacity by examining the 

airways for short-haul transportation network possibilities. It was expected that the results 

from this investigation would provide the air transportation industry with a workable 

alternative to the ever-increasing pressures on airport and airspace capacity. 

AirMax's branching network unveiled some unique features not found in the other 

networks. One important contribution the branching network seemed to make is that it 

established modern, underutilized airports located in medium-sized cities as secondary 

hubs. What follows is a discussion of these available resources and what they offer for the 

capacity enhancement of the nation's airport system. In addition, the implications of using 

AirMax for the planning and development of routes for the nation's commercial and air 

86 



87 

cargo fleet are noted. Next, the limitations of this investigation are reviewed, followed by a 

brief look toward the future for air transportation. 

Contributions of the Study 

It has been suggested that we need to upgrade our existing airport system to a national 

second-generation airport system (Hale, 1987). How might a branching airport network 

(such as the one developed by AirMax) help in the formation of such a policy? First, a new 

airport system would need to adopt a new type of airport classification scheme whereby an 

airport's status as a "hub" would be based on such factors as facility capabilities and 

capacity levels rather than the number of enplanements. This would increase the 

opportunity for medium-sized airports to play a greater role in the nation's airport system. 

As part of this second-generation airport system, these "secondary" airports would handle 

much of the local and transfer traffic that is currently being routed through over-congested 

primary hub airports. 

Hale (1987) explains that she and her associates are looking into the hubbing concept 

in great detail--primarily whether the capacity of the entire airspace system can be expanded 

by increasing the capacity and utilization of some of the medium-sized airports. "One of 

the crucial roles is to recognize those emerging [medium-sized] hub airports which have the 

potential to increase system-wide capacity but that don't now have the infrastructure or the 

ability to finance the necessary development without the federal dollars" (p. 13). 

These medium hub airports are not inner-city reliever airports; they are under-utilized 

modern airports located in medium-sized cities. What advantages can they offer for the 

congested hubs and the affected system capacity within the air transportation system? 

1. Modern airports already exist in many medium-sized cities. This alleviates the 

need for ground-breaking plans and high investment startup costs. 



2 · Because they are generally located in areas that have not been crowded-over by 

metropolitan suburbs, these airports are not as constrained for growth nor as 

threatened by environmental opposition as their big-city counterparts. 
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3 · These airports conform well with the existing hub-and-spoke system by acting as 

regional hubs for the larger major hubs. Major hub centrality is still preserved, 

and major hub investment is left intact. 

4. Regional airports actually enhance the existing hub-and-spoke system by 

eliminating the possibility of over-extended spokes that lead to lower profitability 

(foh and Higgins, 1985). 

5. By providing alternative route choices between selected cities, regional hubs: 

a allow for a healthier environment among competing firms; and 

b. enable aviation traffic to avoid weather- and/or ground-related congestion by 

networking around the problem area. 

6. A regional hub plan fits comfortably within an organized, hierarchical structure 

of hub airports. This would simplify the task of establishing a governmental 

policy plan, a baseline for decision making, and a precedent for review. 

7. The use of regional hubs within an air transportation network provides an optimum 

compromise between hub-and-spoke and point-to-point transportation systems by 

naturally adapting to a "branching" network scheme. 

8. The "regional hub" concept directly incorporates the more popularized "transfer 

hub" approach to airport capacity planning, but further extends the idea to 

include route structure and network design. 

Talley and Eckroade (1984) have found that "the elasticity of demand is expected to be 

higher as distance of the air passenger trip lengthens, [and that] air passengers are now 

more responsive to fare changes in short-distance markets" (p. 77). Because regional hubs 

would be relatively close in proximity, it is conceivable that airlines using a branching 
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network (such as AirMax's) could pass their savings on to the consumer, and attract higher 

passenger yields. 

Air Max and Transfer Hub Airports 

Air Max's demonstration of its branching network unveiled a system of regional hubs, 

giving these secondary airports the opportunity to act as transfer points for air traffic. 

Upon closer examination, Albuquerque, Austin, El Paso, Little Rock, Lubbock, New 

Orleans, and Oklahoma City all were found to be acceptable candidates for regional hub 

status. Their designation was made not only on the basis of their origin and destination 

traffic (which is the traditional way), but on the basis of their favorable location as transfer 

points for traffic as well. Of course, further investigation into a variety of other variables 

associated with these resources would have to be made, but initial results indicate that 

under a regional hub network, congestion at the over-crowded major hubs is reduced 

without sacrificing system-wide utility (for both passengers and service). 

There are two types of transfer hubs: 1) those airports located near metropolitan areas 

acting as transfer points between ground and air transportation services; and 2) those 

airports located more distant from major cities serving as transfer points for intercontinental 

or transcontinental air passengers. These types of hubs have been given serious 

consideration by the Transportation Research Board (1988). Their study finds that "one

half or more of the traffic at major hubs such as Atlanta, Chicago, Denver, and St. Louis 

neither originates nor terminates in these cities. Transfer airports could relieve pressure on 

major hubs by reducing the volume of connecting traffic that they now must handle" (pp. 

3-4). 

The transfer airport concept also expands the idea of a transfer station to include 

service for various modes of transportation, now and in the future, especially highway or 

rail operating at a speed competitive with short-haul air service (Transportation Research 
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Board, 1988). A policy that might wish to include a branching network plan could utilize 

Air Max for planning and analyzing future development possibilities for high-speed, 

magnetic-elevated rail service used in combination with air service. The Transportation 

Research Board (1988) concedes that such a project would involve a completely new 

approach to airline operation and airport ownership, and would be worthy of close 

examination and research. 

New Entrants 

Increased congestion at most of the nation's busiest major airports has made 

competing for space more difficult for all airlines. Added to this is the burden of 

unavailable or over-priced slots, which are bought and sold by the airlines themselves. 

Many of these slots are "owned" by the major airline companies. This affects today's new 

entrants most negatively, for as they fight head-on against the incumbents for space 

(spatially and temporally), they must absorb losses due to price cuts in order to gain market 

share. Such problems have prompted airline planning analysts to reconsider alternatives 

that maximize passenger loads on limited, selected routes into these constrained 

environments without degrading system performance. 

It was determined that AirMax's branching network offered just such an alternative by 

optimizing service utility and passenger utility in a spatial way. Minimizing both total 

distance per passenger trip and total network distance resulted in a savings of both fuel 

costs and flight crew costs for the airlines. The implications of these areas were discussed 

earlier in Chapter II. Not only could these savings then be passed on to the consumer, but 

they could provide new entrants (who would wish to utilize this type of plan) the ability to 

compete with established major airlines. A planner working for an airline company might 

use AirMax to help analyze and compare his company's costs to that of his competitors, to 

help plan new routes, and to help determine those routes that are unprofitable. 
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Air Car~ 

Although the discussion on the future development of the U.S. airport network has up 

until now dealt mainly with air passengers, the air cargo business may be enhanced with a 

branching hub network. Double digit growth in the air cargo industry was expected for the 

five-year period between 1986 and 1991 when the market was expected to mature (Feiock, 

1986). This growth may bring on some inherent problems for the air cargo industry. 

Noise abatement is a definite concern particularly for air cargo hub location planners, 

especially because many air cargo aircraft are older and noisy. In addition, increased 

trucking activity must be warranted. 

"The growth of the overnight express market, in the near term, seems to be limited 

only by the availability of new products to be offered by the carriers and the imagination of 

consumers' management in taking advantage of these products "(Feiock 1986, p. 5). The 

overhead costs for facilities (e.g., added ground traffic accommodations); the added noise 

and traffic (because of increased air traffic); and the economic growth and employment 

possibilities--all support the notion of expanded air cargo hubbing in medium-sized cities. 

Air Max's branching network averaged one stop per passenger trip, slightly higher than 

the hub-and-spoke values. This measure of directness would normally be more of a 

concern for people than to freight, since greater utility is lost during passenger transfers on 

the ground. However, ground-handling of freight should also be minimized. In light of 

this, the extra cost of hauling freight with respect to distance (associated with the hub-and

spoke network) would have to be weighed against the extra cost from ground handling 

with respect to number of stops (associated with the branching network). In this analysis, 

"congestion" plays an important role, for delay is costly to freight, especially perishable 

items. Congestion most often occurs at central hubbing locations. In this sense, branching 

networks offer an efficient and effective alternative to hub-and-spoke networks for the 

transportation of air cargo. 
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AirMax was derived as a general minimal spanning tree model; consequently, it was 

necessary to portray the variables used in the objective function in a linear way. For 

example, Air Max made linear approximations to a curve relating distance, traffic flow and 

route development by "forcing" the data to be modeled on one of three allowable scales. 

This explains the need to determine a proper scale of analysis prior to running the model. 

Other relationships AirMax treated linearly include the effects of aircraft ascents and 

descents on travel time as well as the delay factor associated with large hubs and time of 

day. 

Passen~r Data 

The demonstration of this investigation limited itself to the passenger data taken from 

the Origin-Destination Survey of Passenger Traffic (1987). Three implications occur here. 

First, the data used represented round trips, not one-way trips; consequently, although it is 

assumed that most passengers made round trip reservations between city pairs, excursion 

trips (by way of other locations) and one-way trips in actuality do make up a small 

proportion of air passenger traffic. In addition to being round-trip, the data represented a 

sample taken during the Fourth Quarter of a particular year (1987). Because of economic 

and seasonal fluctuations in traffic, demonstrations of AirMax on different survey samples 

might result in a variety of different networks. 

Second, data were taken from existing airline services. The existence of competitive 

strategies in the deregulated environment has led to a market domination of certain city

pairs by the respective hub-based airlines. Those communities that are already directly 

connected with a regionally associated airline to its major hub (e.g., American Airlines at 

Dallas-Ft. Worth International) often discount their prices to certain destinations, resulting 

in higher passenger loads on selective routes. In addition, fare wars occurring between 

competitors on certain routes affect passenger loads. Both these aspects do not necessarily 
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reflect the actual demand for air passenger flight between communities, but available, less 

expensive "supply" on selected routes. 

Reduced cost on selected routes led to the third implication with the survey data. 

Alternate modes of transportation affect the numbers of air travelers between city-pairs. If 

the cost in utility of air transportation on certain routes exceeds that of other modes of 

transportation, then the data on the number of air passengers on those routes will reflect 

this. As mentioned, connections were automatically placed for cities within 180 miles of 

each other to handle this discrepancy. To what degree these connections actually 

conformed to the demand for air travel in these markets remained undetermined, and was 

left for the decision-maker's intuitive understanding of the model and its data. 

Air Transportation Planning--the Future 

We see that there are physical limits to the spatial exploitation of our nation's major 

airports and airport system, and that it is not possible for technological progress to extend 

indefinitely, either in time or rate, the use of these resources. Most of the expansion of 

large hubs as a resource base has come about through increases in the efficiency of 

exploitation, not through the efficiency of these individual sites, per se. The notion of 

finding substitutes (band-aid solutions) to extend the short-term satisfaction of man's 

(airlines') needs does not yield long-term solutions to the problem, but nevertheless 

requires heavy investment just the same. Congestion and delays have now resulted. An 

understanding and appreciation of this conflict led to the genesis and development of 

Air Max. 

AirMax offers air transportation analysts a choice, an alternative to the current hub

and-spoke route networks that have developed under the post-deregulated environment. 

During this period, we have seen relatively low fuel prices and interest rates, which have 

fostered hub-and-spoke route development on an unprecedented scale. Unfortunately, 
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these networks are not as efficient (in terms of a passenger/distance relationship) as could 

be otherwise. The AirMax branching network concerns itself with this inefficiency, and 

attempts to optimize these variables. As shown in this investigation, a compromise must be 

made among the number of stops a passenger makes, the distance he or she must travel, 

and the total distance the service must provide system-wide. There are no perfect solutions 

where all variables are maximized, but there are "better" solutions than others. 

Policy analysts need tools that allow them to study the congestion problem in a holistic 

way. AirMax is such a tool. It has the ability to calculate virtually any number of difficult 

decision variables simultaneously, and offers results that the policy analyst can use to make 

comprehensive decisions. In the demonstration on the Southwest United States, AirMax, 

performed on a regional level of analysis, addressed the present congestion problem caused 

by hubbing at our nation's major airports. With AirMax's branching network, airport 

congestion was reduced by limiting the number of spokes into over-crowded major hub 

airports. At the same time, however, the system as a whole suffered little if any 

degradation, because air traffic was efficiently and effectively routed through medium-sized 

city airports. In the process, AirMax created a regional hub network. 

The implications of AirMax's results extends into the future as well. As with any 

resource, the development of a national, high-speed transportation system will undergo 

substantial, continuous change as technology changes in the coming years, and in the 

coming decades. Transportation planners need to propose projects that are dynamic 

enough to effectively respond to these changes. For example, the strong potential for 

interconnecting centers for multiple modes of transportation undoubtedly will need a way 

of being modeled jointly as these modes develop and mature. Air Max favors this type of 

planning by focusing on "people" movement through space, regardless of the mode of 

transportation. 
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What will it take to bring about support for the initiation and implementation of a long

term air transportation plan? For one thing, it will take a change of attitude--a change, for 

example, the U.S. automobile industry has had to learn the hard way. It seems that we 

often do not appreciate the need for long-term planning until.afkr the system suffers a 

major setback or disaster. Ultimately, a reflection on our attitudes regarding these issues 

leads society (as voters) to address several questions: 

1. Under what conditions, if any, can an air transportation policy justify the rapid 

depletion of resources (at its major airports), thus mortgaging the welfare of future 

generations of travelers? 

2. Under what conditions, if any, can an air transportation policy justify the continued 

development of technologies that incur incalculable but real somatic risks or hazards as 

potential solutions to the congestion problem? 

3. Under what conditions, if any, can an air transportation policy (that is not willing to 

curb its appetite for resources that are socially or technologically inefficient) justify its need 

for financial support from air travelers, especially when it takes a back-seat approach to the 

very problems for which it was initiated? 

Because the airline market economy and its pricing mechanism are held to maximize 

the private return on resource (airport) use, the necessity for political decision based on 

ethical or moral codes is eliminated by letting the market allocate all resources. As a result, 

there is no necessity to distinguish needs, desires, and demands. Social usefulness is 

equated with the ability to consume and need is measured by the ability to pay. Planning 

and investment underscore maximum yields, in the short term. In this way, the nation's air 

transportation industry has lost incentives to focus on sustained, optimum yields in the long 

term; consequently, it remains highly volatile and very unstable. This need not be the case. 

As a society, we~ a choice. We can accept the consequences of a congested air 

transportation system that places short-term profits ahead of passenger welfare; or we can 
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accept responsibility, supporting a policy that not only recognizes the co-existence of both 

scarce and abundant resources in the system, but attempts to balance them out in a holistic 

sense. Only in this way will we be able to ensure a safe and cost-effective national air 

transportation system for the coming years. 
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APPENDIX A 

BRANCHING NETWORKS 

PeterS. Stevens' Patterns in Nature (1974) offers an interesting analysis performed on 

the branching characteristics found in nature. Its application to the air transportation route 

system produces some rather remarkable results. If we imagine a two-dimensional plane 

upon which are distributed at random a given number of points (e.g., Figure A.l has 91 

points arranged in a hexagonal grid format), there soon appears a variety of ways to link 

these points together, some ways more "efficiently" than others. 

• • 0 • • • 

• • • • • • • 
• • • 0 • • • • 

0 00 0 0 00 0 0 

• • • • 0 • • • • • 

• • • • • • • • • • • 
• • • • 0 • • • • • 
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• • • • • • • 
• • 0 • • • 

Figure A.l Scattered Points (Hexagonal Grid) 

In Figures A.2 and A.3, the arcs connecting these points form the image of a spiral 

and a meander, respectively--both quite similar to linear route structures. If we set the 

space between each adjacent point to be one unit, then we fmd that both the spiral and 

meander have the same lengths, 90 units. Summing all the possible trips (along the route 

system), we find the average path length to be 45.5 units. 

104 



105 

Figure A.2 Linear Spiral Pattern (Hexagonal Grid) 

Figure A.3 Linear Meander Pattern (Hexagonal Grid) 

Figure A.4 depicts an entirely different way to connect the points. Notice that each 

point is directly connected to the center, and forms what appears to be an explosion. This 

pattern constitutes what in the airline industry would be a hub-and-spoke route system. 

The total length of all the radiating paths is 233.1 units, considerably more than the 90 units 

found with the linear configurations. The average path length, however, comes out to 3.37 

units, considerably smaller than the 45.5 units found with the linear arrangement. The 

hub-and-spoke pattern thus has a much larger total length of path but a much shorter 

average length than the linear pattern. It uses a greater length of line to connect the points, 

but it makes the connections more directly (Stevens, 1974). 
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Figure A.4 Hub-and-Spoke Pattern (Hexagonal Grid) 

Is there another route structure alternative that optimizes the undesirable distance and 

directness features of both these patterns? In Figure A.5, we find a branching pattern that 

still uses a center point to connect all other points, but each of the arms emanating from that 

center point leads to a cluster of still more simple branches. When compared to the two 

types of patterns already mentioned (see Table A.l ), we find that the total length of path is 

107.6 units, less than half the total length in the hub-and-spoke design. The average length 

(directness) is 4.25, less than one-tenth the circuitous linear pattern's average length, yet 

only slightly greater than the 3.37 measured with the hub-and-spoke. 

Figure A.5 Branching Pattern (Hexagonal Grid) 



Table A.1 Comparisons Between Hexagonal Grid Network Figures Showing 
Total Distance and Average Path (Directness) 
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Fi~ure # Pattern Total Len~th (units) A verajW Path (units) 

Figure A.2 Linear Spiral 90.0 45.50 

Figure A.3 Linear Meander 90.0 45.50 

Figure A.4 Hub-and-spoke 233.1 3.37 

Figure A.5 Branching 107.6 4.25 

Linear and hub-and-spoke patterns in transportation networks seem to be analogous to 

spirals and explosion patterns in nature--both representing two cases in the distribution of 

resources. In the truest sense, all types of networks are based on "hub" patterns in one 

form or another, but with variations of design, and different numbers of hubs. However, 

their measure of efficiency in the transportation of resources is highly varied. Their 

classification allows for comparisons among these variations. As Stevens (1974) 

observes, the total distance covered by the linear system is relatively short, "but it connects 

the points in an extremely circuitous manner" (p. 41). On the other hand, the pattern of the 

hub-and-spoke system "minimizes travel distance between the center and each outlying 

point, but the total of all travel distances is enormous" (p. 41). A branching pattern such as 

the one seen in Figure A.5 obtains a shorter total length at the expense of only a few of the 

parts. 

In Figures A.6 and A.7, the array of points has been arranged in a square grid format; 

however, the same physical properties controlling the measurements of these patterns still 

exist. Figure A.6 is another example of a linear distribution of routes. In contrast, Figure 

A.7 illustrates a hub-and-spoke pattern. 
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Figure A.6 Linear Pattern (Square Grid) 

Figure A.7 Hub-and-Spoke Pattern (Square Grid) 

Figures A.8 and A.9 represent various forms of branching networks. As expected, 

they both depict compromises between hub-and-spoke and linear patterns. The patterns 

represent a gradual diffusion of spokes away from the central hub. Even though enough . 
spokes still exist to preserve a sense of hub centrality, the total number of spokes have been 

reduced. In addition, total distance of travel for the system has been significantly reduced, 

with only a minimal cost to centrality and directness. 
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Figure A.8 Branching Cross Pattern (Square Grid) 

Figure A.9 Branching Diagonal Pattern (Square Grid) 

A third branching diagram is illustrated in Figure A.lO. The only major difference 

among the three branching patterns (Figures A.8 through A.lO) lies with the number of 

branches extending from each cluster. Of the three branching networks, Figure A.l 0 has 

by far the shortest overall total length of line, and has an average path measurement that is 

within tenths of units from the most direct system. This aspect, as depicted in Table A.2, 

illustrates the effects the diffusion of branches has on network efficiency system-wide. 
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Figure A.l 0 Branching Diffuse Pattern (Square Grid) 

TableA.2 Comparisons Between Square Grid Network Figures Showing Total 
Distance and Average Path (Directness) 

Figure# Pattern Total Length (units) Average Path (units) 

Figure A.6 Linear 120.0 15.5 

Figure A.7 Hub-and-spoke 364.8 4 .0 

Figure A.8 Branching Cross 280.2 4.7 

Figure A.9 Branching Diagonal 228.4 5.0 

Figure A.10 Branching Diffuse 160.0 4.8 



APPENDIX B 

AIRMAX'S MODEL DEVELOPMENT 

The purpose of this investigation was to find a way to relieve congestion at primary 

airports. From a spatial perspective, it was felt that this could be achieved by reducing the 

number of "spokes" coming from regional airports into these congested primary hubs. 

Therefore, to facilitate this procedure, the analysis was divided into three scales: national, 

regional, and local. A "national" scale focused mainly on the relation of primary airports 

nationwide. A "regional" scale related secondary airports to both primary and other 

secondary airports. A "local" scale associated tertiary airports with primary, secondary, 

and other tertiary airports. Figure B.l illustrates this categorization. 

~ Levels Order of Expansion 

National 1st Primary-to-Primary 

Regional 1st Primary-to-Secondary 
2nd Secon -to-Second 

Local 1st Primary -to-Tertiary 
2nd Secondary-to-Tertiary 
3rd Tertiary-to-Tertiary 

Figure B.1 Expansion Categorization Process for the Demonstration of AirMax 

For the demonstration of AirMax, direct primary-to-primary connections for all 

primary airports were assumed to exist, and were not modeled directly since these airports 

already serve as distribution points for national travel. The congestion problem was seen to 
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be a result of routing "regional" traffic through these same centers. Therefore, the problem 

was isolated to a regional level (see Figure B.l ), involving primary-to-secondary and 

secondary-to-secondary airport connections. By limiting the number of primary-to

secondary spokes emmanating from these congested centers, the number of direct 

secondary-to-secondary connections would have to increase in order to handle the diverted 

regional traffic. In this way, regional travelers might effectively avoid congested primary 

hub areas by transferring at secondary hubs instead of primary hubs. 

It is clearly evident that primary-to-tertiary airport connections also contribute to the 

congestion problem at many primary airports. However, tertiary airports were not modeled 

by AirMax in this demonstration because of the lack of available passenger data at many of 

these sites. Their inclusion into Air Max is left for future investigations. 



APPENDIXC 

AIRMAX'S EXPANSIONARY PROCESS 

The graphics output generated by AirMax during its demonstration for each iteration of 

the model is illustrated on the following pages. Each map represents a sequential iteration, 

or span, of AirMax. With each successful iteration, the constraints were loosened to allow 

more cities to be chosen, and the model was rerun. There were two levels of expansion: 

primary-to-primary airports, and primary-to-secondary airports. In the following figures, 

the titles for each map delineate both its classification level and its spanning number (e.g., 

Level 1--Span 4 ). The first part of the title describes the level of route expansion the map 

illustrates. This was either Levell(primary-to-primary) or Level2 (secondary-to

secondary) airport connections. The second part of the title designates which iteration (or 

"span") was performed on that level. The process of route development continued until the 

second level of route expansion was completed. The final successful run was noted and 

the resulting network was appropriately labeled "AirMax's" branching network. 

If during the run of the model a route was generated that violated a policy constraint, 

then the violation was recorded as an unsuccessful iteration. The cancelled route was 

designated by double hatch marks, and the model was rerun with a constraint added to 

inhibit the selection of that route during any further runs. These unsuccessful iterations 

were marked in the following figures with an asterisk"*" following the span number (e.g., 

Level 2--Span 25*). Two asterisks "**" following the span number represented two 

violations in a row. No more than two consecutive violations were allowed per level. 
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Figure C.1 Level 1--Span 1 

Figure C.2 Level 1--Span 2* 



Figure C.3 Level 1--Span 2** 

Figure C.4 Level 1--Span 2 



Figure C.5 Level 1--Span 3* 

Figure C.6 Levell--Span 3** 



Figure C.7 Level 1--Span 3 

Figure C.8 Level 1--Span 4 



Figure C.9 Level 2--Span 8 (Grouped Secondary Airport Connections Added) 

Figure C.lO Level2--Span 15 



Figure C.11 Level2--Span 16 

Figure C.12 Level 2--Span 17 
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Figure C.13 Level 2--Span 18 

Figure C.14 Level 2--Span 19 
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Figure C.15 Level2--Span 20 

Figure C.16 Level2--Span 24 (AirMax's Branching NetworkO 
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Figure C.l7 Level 2--Span25* 

Figure C.18 Level 2--Span 25** (Two Consecutive Violations Occurred) 
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