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ABSTRACT
Three decades after deregulation, the airline industry consists of profitable low cost carriers (LCCs) and unprofitable legacy carriers. Various explanations have been offered for the polarized state of the industry, ranging from the superior management and culture of LCCs, to the fact that legacy carriers operate mixed fleets which does not allow such carriers to reap economies of scale in operations. This paper argues that the network design of carriers gives rise to the disparate performance across legacy and low cost carriers. We show that following deregulation, legacy carriers adopted hub and spoke networks, which are shown to be optimally cost efficient. Deregulation allowed new carriers to “cherry pick” a smaller number of routes which instead of being connected through hub and spoke networks were connected through distributed/point-to-point networks. Dual layers of networks undermine the efficiency of hub and spoke model causing legacy carriers to incur losses and lowering social welfare. Over time, in response to sustained losses by legacy carriers and demands imposed by cost efficiency as LCCs get larger, legacy carriers may begin to operate distributed/point-to-point networks while LCCs may shift towards hub and spoke networks. We argue that static and social welfare can be raised by re regulating the airline industry by restricting cherry picking in hub and spoke routes. 

INTRODUCTION 
Almost thirty years following deregulation in 1978 “legacy carriers” have performed dismally, with low cumulative profits and poor prospect for recovery. Carriers such as Pan Am and TWA have exited the industry, while other carriers such as US Air and Delta have declared Chapter 11 bankruptcy. On the other hand, low cost carriers such as South west and Jet Blue are performing well, growing steadily and capturing ever greater market share from legacy carriers. 

Some may argue that this is exactly what was expected from deregulation. After all, the industry appears to be more `competitive’ as fares are falling and consumers have a broader range of choices. No wonder then that Wall Street has high expectations for low cost carriers, while legacy carriers are dismissed as a dying breed. With deregulation being an apparent success, there is no apparent need-- barring events such as 9/11-- for public policy intervention. 

We take exception with this view, and argue that while the goal of deregulation was to make the airline industry competitive, particular aspects of transportation economics were overlooked or not anticipated. Had these aspects been recognized, deregulation of the airline industry would have been partial in the sense that entry into certain routes and the formation of certain networks should’ve been restricted.
This is because, amongst common network types, the hub and spoke network is the most cost efficient. Ironically, due to “competitive” factors, following deregulation legacy carriers started operating hub and spoke networks. But, with unrestricted entry, entrants and rivals to legacy carriers, opted to serve fewer markets than legacy carriers by “cherry picking” routes. Such routes had high traffic volumes and potential for stimulation, market shift and displacement. Crucially though, such cherry routes were linked through distributed/point-to-point networks. The question is why? 
In a tabula rasa setting, hub and spoke networks are cost efficient. But once a hub and spoke network has been established over a set of “nodes”, a distributed/point-to-point network is cost efficient if it connects a (smaller) set of “cherry” nodes and routes. More subtly, some of the cost efficiency of low cost carriers stems precisely from the fact that these carriers operate a distributed/point-to-point network against a backdrop of legacy carriers operating hub and spoke networks. 
By allowing unrestricted entry onto established hub and spoke networks, social welfare is reduced-- despite lower fares-- because the cost of transport with dual layers of hub and spoke and distributed/point-to-point networks is higher than under a hub and spoke network. Legacy carriers are (partly) losing money not because of inefficiency per se but because their efficient choice of hub and spoke network is being undermined carriers undermining the efficient hub and spoke network, made possible by a deregulation policy which allows unrestricted entry and network formation. Recognizing this is important not only for understanding how deregulation could have been implemented differently, but also in regards to possible future regulation of the airline industry. 
Why would there be a need for regulation in the future? In our opinion, the success of the LCC distributed/point-to-point network is its “Achilles Heel”. With persistent losses, some legacy carriers will respond by adopting or mimicking the LCC network business model- in economic parlance, some legacy carriers will seek to minimize product differentiation. Such carriers will shift away from hub and spoke towards distributed/point-to-point networks. If this happens, “national” network structure will resemble a web of point-to-point routes. 
Due to increased competition, prices on these routes will decrease. What about cost? This depends on a carrier’s degree of vertical integration: if a given number of distributed/point-to-point routes are operated by a single company, then the cost of operations will be higher than under a hub and spoke model. While lower fares increase social welfare, the social cost is higher due to multiple carriers operating inefficient networks. 
With increased rivalry and falling fares economic profits will tend to zero
. It is tempting to draw an analogy with perfect competition since prices are falling and the number or rivals are increasing. But note that in contrast to the standard model of perfect competition, marginal cost is not the “lowest” possible- indeed that happens under a hub and spoke network.
The trend towards zero economic profits will probably prompt consolidation, as often occurs in industries with falling economic profits (for example, in mining). Given the opportunity to consolidate, the efficient choice of carriers is to- as was the case after deregulation- opt for hub and spoke networks. But this raises the specter of the cycle repeating itself. 
The other dynamic response is that with growth, LCCs will alter their network structure towards hub and spoke structures. Again this is because hub and spoke networks are the most cost efficient. As LCCs grow and exhaust cherry routes, it will be cost inefficient to link nodes through a distributed/point-to-point network. Efficiency demands that ultimately, as the number of nodes increases, LCCs shift to hub and spoke networks. Indeed, we show that Southwest, once a predominantly distributed/point-to-point network carrier, is moving towards a hub and spoke model. 
In any case, the argument is that ultimately, networks cycle from hub and spoke to a mixture, and back to hub and spoke. Not only is social welfare reduced with dual layers of alternative networks, but it is also reduced due to network oscillation. We argue that static and dynamic social welfare can be increased if, once hub and spoke networks are established, entry into cherry routes, linked through distributed/point-to-point networks, is restricted. 

This paper is organized as follows. We review the basis and effects of deregulation and show that the industry has split into two distinct clusters of legacy and low cost carriers. We show that some of the cost differentials can be attributed to network design. We discuss the economics of networks and show that for a given set of markets, the hub and spoke network is the most cost efficient, which explains why, following deregulation, legacy carrier adopted hub and spoke (HS) networks. 
We develop simple measures of network structure which indicate that following deregulation, legacy carriers chose hub and spoke networks, while, low cost carriers chose distributed/point-to-point networks. Using more detailed measures of network size and structure, we show that some legacy carriers are moving away from the hub and spoke model while some low cost carriers are moving towards hub and spoke in nature. We argue that these oscillations reduce social welfare and warrants a re-regulation of the airline industry restricting “cherry picking” of routes. 
Industry Trends since Deregulation

Several factors led to the deregulation of the airline industry in 1978
. Under the regulation era, the number of carriers, routes, route structure, and fares were determined by the Civilian Aviation Board (CAB). The 1973 oil price hike led to significant fuel cost increases and led to the CAB setting higher fares. In the stagflation era of the 70s, this proved to be politically unpopular, especially given the overall trend of deregulation. The concomitant development of pro competition theories, especially contestable market theory, provided further impetus for the deregulation of the airline industry. 

According to contestable market theorists, the airline industry would exhibit competitive market characteristics, with fares close to marginal cost. The idea was that if potential entrants could provide service at the same cost as incumbents and there were no sunk costs to exit, then such markets would be vulnerable to “hit and run” strategies which would cause incumbent firms to price close to competitive levels so as to reduce the incentive for entry. 
There has been debate about whether the assumptions of contestable market theory were applicable for airlines. For example, it has been pointed out that legacy carrier proprietary computer reservation systems, frequent flyer mile clubs, and the sunk costs of gates violated the assumptions of contestable market theory. Accordingly, it has been argued that there were high barriers to entry into the industry which gave legacy carriers market power. 
In turn, this has been used to explain why legacy carriers formed hub and spoke networks- by operating out of a hub, the dominant carrier has market power and can charge higher prices
. Others have countered this argument, pointing out that hubs are located at large metropolitan centers, which attract a higher ratio of business to leisure travelers than other airports. Given that business travelers pay higher fares, it is not surprising that average fares at hubs are higher than at non-hub nodes
. Nevertheless, following deregulation, the predictions of contestable market theory and the expectations of a competition appeared to have been realized. 
Figures 1 through 3 show the patterns of entry, exit, incumbents, and survivorship since deregulation: there was a flurry of entry initially, followed by an industry shakeout, after which the number of incumbents has remained relatively steady (see footnote to Figure 1), as has the churn rate (see Figure 2). Figure 3 shows the percentage of carriers from a year that have survived till 2006- notice the decline in these probabilities until the mid to late 80s
Legacy Carriers vs. Low Cost Carriers
Disaggregating the data further reveals differences across legacy carriers and low cost carriers, (LCCs). Legacy carriers-- consisting of airlines from the pre-regulation era such as United, American, US Air, Delta and Continental-- have made low cumulative profits and continue to incur losses, burdened with high cost per available seat miles (CASM), and poor prospects for growth and recovery. On the other hand, LCCs-- such as Southwest and Jet Blue—despite being late comers, have made high cumulative profits, and, due to significantly lower CASM, continue to be profitable with high prospect for growth: see Table 1 and Figure 4. 
While these factors partly explain differences across the legacy carriers and LCCs clusters, we believe that the network design is the principal reason for these clusters. Figure 5 compares the difference in CASM components between legacy carriers and LCCs from 1990-2006 (data is not available before 1990). Each graph is the legacy carrier cost component minus LCCs cost component. 
The four largest, consistent, cost disadvantages facing legacy carriers are: flying operations, aircraft servicing, passenger servicing, and maintenance. Notice that promotions by legacy carriers, once a cost disadvantage has diminished in importance due to an increasingly competitive market in which there is little perceived product differentiation, underscoring the impact of low fares by LCCs. The data also reveals that general administration costs, once a small cost disadvantage for legacy carriers (becoming a cost advantage from 1996-1998), is growing larger over time (an interesting topic for future research).
Figure 1: Number of Entries, Exits, and Incumbents
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Figure 2: Cumulative survivors and Percentage of Survivor Carriers in 2006
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Why are there persistent differences across the clusters? One explanation is that legacy carriers are trying to cut costs but since aircrafts, routes, leases, labor costs and contracts are fixed inputs, changing these take time to adjust. As such, differential CASMs are temporary and will converge as carries become more or less equally cost efficient. Another explanation is poor management at legacy carriers. For example, legacy carriers did not hedge against fuel price increases, or did not place timely orders for the next generation of fuel efficient aircrafts.
Figure 3: “Churn” Rate: Entries/Exit
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Table 1: Legacy Carriers versus LCCs: Key Statistics

	
	CASM
(¢/ASM)
(2006)
	Cumulative Operating Profit

($ billions)
	Cumulative Profit/ASM
(¢ /ASM)
	Operating Profit
($ billions)
(2005)
	% Market Share

ASM

(2005)
	% Market Share

RPE

(2005)

	Legacy Carriers

	Northwest
	12.22
	2.5 *
	12.22
	(0.79)
	8.9
	7.6

	American
	10.65
	2.07 *
	10.65
	(0.30)
	17.1
	13.1

	US Air
	13.44
	2.46 *
	13.44
	(0.19)
	5.2
	5.6

	Alaska
	11.49
	0.30 *
	11.49
	(0.07)
	2.2
	2.2

	Delta
	12.41
	0.45 *
	12.41
	(1.05)
	13.0
	11.5

	Continental
	11.43
	1.03 *
	11.43
	(0.08)
	8.3
	5.7

	United
	11.58
	(2.71) *
	11.58
	(0.21)
	13.6
	8.9

	LCCs

	AmericaWest
	9.61
	0.28 *
	9.61
	(0.10)
	3.0
	3.0

	AirTran
	8.39
	0.33 †
	8.39
	0.01
	1.5
	2.2

	Frontier
	9.22
	0.08 ‡
	9.22
	(0.001)
	0.9
	1.0

	Jet Blue
	6.77
	0.41  •
	6.77
	0.05
	2.3
	2.0

	Southwest
	7.50
	7.56 *
	7.50
	0.72
	8.3
	11.8

	Data from: (*)1990-2005 (†) 1997-2005 (‡) 1994-2005 (•) 2000-2005
ASM: Available Seat Miles, CASM: Cost per ASM RPE: Revenue Passenger Enplanements


Organizational culture has also been cited as a factor. Southwest is often touted as having cultivated a “culture” of teamwork and loyalty, resulting in higher productivity and lower efficiency wages. In contrast, the repeated battles with unions at legacy carriers, especially the manner in which negotiation are conducted, all while top management remain immune to cuts in wages and benefits, arguably affects worker morale and loyalty. “Legacy costs”, such as pensions and unions costs, have also been blamed for the cost differentials across legacy and low cost carriers. The combined net result of these factors can be seen in Table 1: note the homogeneity within a cluster, and the heterogeneity across clusters:
Examining the cost components differently in Table 2 shows that the network design of legacy carriers and LCCs is the basis of cost differentials across legacy carriers and LCCs, especially in regards to fuel costs, operations, and maintenance. One reason for higher legacy carrier crew costs is union contracts. But why the higher fuel and maintenance costs? 
Examining the age and composition of carrier fleets
 shows that most legacy carrier fleets consist of aging aircrafts such as the MD-80, 737-000, and DC-9, which are fuel inefficient and have high maintenance costs. Table 3 shows the number of old narrow body aircrafts for major carriers. Compared to LCCs, legacy carrier fleets are diverse and older.  This is because legacy carriers have been around longer and, most importantly, operate hub and spoke networks with “spoke” routes of varying length which requires aircrafts with varying ranges. 
Even if legacy carriers and LCCs had the same generation of aircrafts, by operating a hub and spoke network, the CASM of legacy carriers will be higher than LCCs, which typically operate distributed/point-to-point networks (over a subset of hub and spoke nodes).

Figure 4: Available Seat Miles [image: image4.emf]0
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Due to the choice of operating hub and spoke networks, legacy carriers do not have economies of scale in maintenance, nor volume discounts in leasing and purchasing. In other words, the more diverse set of route lengths an airline has, the higher will be it’s CASM due to fuel, maintenance, and operations. 
One way to “reduce” the CASM is for large hub and spoke to carriers to vertically disintegrate. If  a carrier breaks up into “regional” carriers for a certain route length, there will be a less heterogeneous fleet mix, allowing these regional carriers to benefit from economies of scale, as well, volume discounts for purchases. For example, by setting up Comair airlines to feed into Delta’s hub and spoke system, both airlines would achieve scale economies which would otherwise not have been possible under one airline. 
Figure 5: CASM ($/ASM) components: Legacy Carriers minus LCCs
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On the other hand, LCCs operate distributed/point-to-point (P2P) networks: the variance of route length is smaller than legacy carriers, because of which LCCs fleet tend to be homogeneous. This allows LCCs therefore reap economies of scale in maintenance as well as volume discounts. There is also the added advantage of being late comers since such carriers operate newer, more fuel efficient aircrafts. Of course, this fuel efficiency comes at the price of higher lease payments, such new carriers have not paid down the cost of aircrafts. In particular, notice that Southwest, Jet Blue and ATA, which have the lowest CASM, operate a fleet consisting of a single aircraft type, which is driven not so much as a choice to deliberately purchase a single type of aircraft, but due to the necessities of network design.

Table 2: CASM (¢/ASM) in 3Q05


	
	Crew
	Fuel
	Maintenance
	Other
	CASM

	Legacy Carriers

	Northwest
	1.2
	3.1
	0.9
	0.9
	6.2

	American
	1.1
	3.0
	1.2
	0.8
	6.1

	US Air
	0.8
	2.7
	1.0
	1.1
	5.9

	America West
	0.8
	2.8
	1.0
	1.3
	5.9

	Alaska
	1.1
	2.8
	0.9
	1.1
	5.9

	Delta
	1.1
	2.9
	0.8
	1.0
	5.8

	Hawaii
	0.7
	2.6
	0.9
	1.5
	5.7

	Continental
	0.8
	2.8
	0.9
	1.1
	5.6

	United
	0.8
	2.9
	1.0
	0.8
	5.5

	LCCs

	Air Tran
	0.9
	2.8
	0.8
	1.9
	6.5

	Spirit
	0.9
	2.6
	1.0
	1.5
	6.0

	Frontier
	0.7
	2.9
	0.7
	1.4
	5.7

	ATA
	1.0
	2.7
	0.7
	1.3
	5.7

	Southwest
	1.1
	1.7
	0.8
	0.6
	4.3

	Jet Blue
	0.6
	2.2
	0.6
	0.8
	4.1


At the same time though Table 3 shows that even though Southwest operates older 737-000 aircraft, the percentage of CASM due to fuel costs is lower than other carriers. In fact, from 3Q04 to 3Q05 the Y-o-Y aircraft unit operating fuel costs for Southwest rose by 16% while that of Alaska Air rose by 36%, and that of other major and national carriers ranged from a low of 48% (Northwest, Frontier, American West) to a high of 69% for USAir
. 
Southwest, despite operating an aging fleet, has managed to keep fuel CASM down by hedging against fuel price increases; that legacy carriers have not done the same lends support to oft made charge these carriers may have ineffective management. 
We should add that there are other sources for the CASM differentials. A major factor is the choice between operating leased vs. owned aircrafts. In particular, Northwest has a lower CASM from operating a primarily “owned” fleet but because ownership means operating aircrafts over long periods, such carriers are prone to miss the benefits of technological improvements in fuel efficiency. Carriers such as Northwest, saddled with aging aircrafts, are increasingly vulnerable to rising jet fuel prices (see figure 6)
. Perhaps, legacy carriers may have been more successful if these had anticipated the fuel efficiencies of next generation aircraft and planned aircraft purchasing/leasing decisions accordingly. Of course, the benefit of leasing- which allows carriers to adopt increasingly efficient aircraft- has to be compared against the cost of leasing and switching from one generation of aircraft to the next. 

Table 3: Narrowbody Aircrafts in Major and National Carriers (3Q05)


	
	“Legacy” Aircraft
	“Newer” Generation Aircraft

	
	MD-80
	737300
	DC-9
	737-700
	737-800
	A320
	A319
	717-200

	Range 
(nautical miles)
	1564
	1815
	770
	1540
	1900
	2615
	1831
	2060

	Fuel Cost
(¢/mile) 3Q05
	3.5
	2.6
	4.9
	1.8
	2.5
	2.4
	N/A
	3.0

	Legacy Carriers

	American
	334
	
	
	
	76
	
	
	

	United
	
	65
	
	
	
	97
	55
	

	Delta
	117
	21
	
	
	69
	
	
	

	Continental
	
	50
	
	36
	94
	
	
	

	Northwest
	
	
	127
	
	
	78
	74
	

	US Air
	
	65
	
	
	
	24
	65
	

	Sub total
	451
	201
	127
	36
	239
	199
	194
	0

	LCCs

	Aloha
	
	
	
	9
	
	
	
	

	Hawaiian
	
	
	
	
	
	
	
	11

	Southwest
	
	194
	
	218
	
	
	
	

	Jet Blue
	
	
	
	
	
	79
	
	

	American West
	
	37
	
	
	
	59
	34
	

	Alaska
	26
	
	
	22
	3
	
	
	

	Frontier
	
	
	
	
	
	
	41
	

	Air Tran
	
	
	
	3
	
	
	
	77

	ATA
	
	
	
	
	21
	
	
	

	Spirit
	10
	
	
	
	
	
	2
	

	MidWest
	13
	
	
	
	
	
	
	20

	Sub total
	49
	231
	0
	252
	24
	138
	77
	108


Economics of Networks
We have argued that the deregulation of the airline industry overlooked a key factor of transportation economics: the hub and spoke network is the most cost efficient. In this section, we discuss this issue and develop rough measures of network structure to gauge the evolution of network structure after deregulation.

Suppose a carrier chooses to serve N node in a given year. Of course, carriers may choose different values of N over time: the choice of which nodes to serve is a function of population and income levels and growth rate, airport costs, weather patterns, and, crucially, network design. To appreciate this and to understand the choice of network design, we observe that while there are an infinite number of ways to connect N cities, the three most common network structures in practice, are hub and spoke (HS), distributed (D), and point-to-point (P2P). Theoretically, these networks can be justified by several criteria
. We focus only on the efficiency aspects of networks, to explain why legacy carriers adopted HS following de-regulation. 
The cost of operating a network is, amongst other factors, proportional to the number of routes
. The maximum total number of routes possible in a network can be calculated using an N by N matrix: if there is a route between a city pair i and j, cell (i,j) contains a “1” otherwise it has a “0”.  Figure 7 illustrates a pure P2P network.

Figure 6: Daily Spot Rates of Jet Fuel Prices
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Figure 7: P2P Network Matrix

	
	P2P Network (Maximum stops 0)

	
	1
	2
	…
	N

	1
	
	1
	1
	1
	1

	2
	1
	
	1
	1
	1

	...
	1
	1
	
	1
	1

	
	1
	1
	1
	
	1

	N
	1
	1
	1
	1
	


The total number of routes are N(N-1), as we consider the city pair A-B route to be different from the city pair B-A rout, which we use as the P2P “index”. Now consider a HS network. If the carrier operates a single hub HS network, there are 2(N-1) city-pairs.

Figure 8: HS Network Matrix

	
	HS Network (Maximum stops 1)

	
	1
	…
	Hub
	…
	N

	1
	
	0
	1
	0
	0

	…
	0
	
	1
	0
	0

	Hub
	1
	1
	
	1
	1

	…
	0
	0
	1
	
	0

	N
	0
	0
	1
	1
	



Notice that the number of (maximum) stops in a P2P network is 0 (since all city-pairs are connected directly). On the other hand, the number of maximum stops in a HS network is 1. This is important because suppose a carrier operates a directed network: in such a network, a flight departs from city 1, lands at city 2 then departs for city 3, all the way to city N. It then “loops” back to city 1, making N-1 stops. The directed network therefore is: 

Figure 9: D Network Matrix

	
	D Network (Maximum Stops N-2)

	
	1
	…
	
	…
	N

	1
	
	1
	0
	0
	0

	…
	1
	
	1
	0
	0

	
	0
	1
	
	1
	0

	…
	0
	0
	1
	
	1

	N
	0
	0
	0
	1
	


The D network has 2(N-1) routes which is the exact same number for HS networks. In terms of routes therefore, the HS and D networks are equally “costly”. The big difference is that the maximum number of stops in a D network is N-2 while in a HS network it is 1. A true measure of cost of a network will include the number of routes served, and depending on traffic patterns, the maximum number of stops that passengers make. Lacking such a function here, we focus on number of routes as a measure of the cost efficiency of a network. In terms of routes, HS is more cost efficient than a P2P network and equally efficient as a D network (again, this measure holds only if “stops” are not included). 
Another scenario in which a HS network is cost efficient (Shy (2001)) is when, given prices, there is a low volume of passenger traffic between (non-hub) nodes. As an example, suppose that N = 3 and each node city-pair has traffic T. If the cost of a flight involves a fixed cost F and a variable cost T2, which represents capacity constraints as traffic rises, then under a P2P system, the total cost is: 3F + 3T2. Under a HS network, suppose a traffic is routed through a hub, the total will then be: 2F + 2(2T)2 = 2F + 8T2. Thus, a HS network is more cost efficient than a P2P network as long as: 2F + 8T2 <  3F + 3T2, or, when  5T2 < F. Put another way, if the traffic between a city pair is low compared to the fixed cost of flights, then a HS network is more efficient. Note the importance of fixed costs here: if these increase the LCC strategy of favoring P2P networks would run into problems. 
The rationale for this can be understood in a different way. Suppose a carrier operates aircrafts of a given size. Since seats “perish” once a flight departs, it is in the carrier’s interest to fill the plane as much as possible; i.e., increase load factors. If, for example, there is little traffic between Boston-LA and NY-LA, load factors (towards LA) can be raised by collecting all LA bound passengers at a hub and putting all passengers on one plane, thereby raising load factors, as opposed to operating a low load factor flight from Bos-LA and NY-LA. This implies that if for any reason traffic along a spoke is reduced, say due to LCCs cherry picking routes, this will lower traffic into and out of a hub. As such, the economics of density in a HS network are undermined. The route measures of networks therefore give us rough measures of the degree to which networks are a HS versus P2P: these are 2N(N-1) and 2(N-1) respectively. Note that the P2P index is greater than the HS index. 
Network Design: Patterns across Carriers and Over Time
We examine the network size (measured by routes), its evolution and degree of HS or P2P as follows. We use DOT data from 1990-2006 for select major and national legacy carriers and LCCs to calculate the total number of nodes served and the number of routes served: this allows us to see how a carrier’s network structure compares with the indices (see Appendix A). 
The plots give an approximate idea of how carrier network structures are evolving over time. But, due to variations in network size it is difficult to make comparisons across carriers. We therefore compare the evolution of networks structures over time across carriers by the ratio (N – HS Index)/(P2P Index – HS Index) across carriers from 1990-2006 which controls for the fact that carriers have network sizes. Figures 10, 11, 12 contain results of these ratios for LCCs, legacy carriers and major carriers respectively. 
The LCC cluster shows that most LCCs operate networks which are relatively hub and spoke. The exceptions are Southwest and Spirit. Southwest’s network structure was predominantly distributed/point-to-point network in the early 80s, and has been steadily trending towards a hub and spoke. This reiterates our point above that as LCCs grow, it becomes less efficient to operate distributed/point-to-point networks. Thus, beyond some point, such carriers will operate the most cost efficient network: hub and spoke.Spirit on the other has been steadily trending towards a distributed/point-to-point network with its structure noticeably around that of Southwest. 
Further insight can be gleaned from the stacked line charts: in terms of adjusting network structure, Spirit and Southwest are undergoing the most change. Recently, however, both carriers’ networks are becoming relatively more hub and spoke. Jet Blue structure shows an interesting pattern: it started out being relatively hub and spoke and rapidly approached a distributed/point-to-point structure, only to recently adjust back towards hub and spoke structure, in par with other LCCs. The conclusion is from this is somewhat surprising: Southwest has steadily shifted its network design away from a distributed/point-to-point network system towards a relatively hub and spoke system; regardless, it’s network, and that of Spirit, has a greater degree of distributed/point-to-point structure compared to other LCCs. In our opinion this shows that LCCs such as Southwest once operated a markedly different network structure compared to legacy carriers, but have over time adjusted networks to be closer to the efficient hub and spoke system.

The dynamic adjustment of network structures is even more apparent in legacy carriers. In Figure 11, note that all legacy carriers have been steadily tending towards hub and spoke network structures, except for US Air which has been steadily moving away from the hub and spoke towards a distributed/point-to-point network. Moreover, delta has also started to shift away from a hub and spoke model. As in the case of LCCs, this is indicative of the dynamic response of US Air and Delta’s network to LCC’s success. 

Examining the stacked line charts confirms the fact that of all carriers, the greatest network adjustment is from US Air and United- two airlines which have started to show a profit recently. In fact, in Table 1, note that with the exception of Frontier Airlines the ratio of % market share by RPE to % market share by ASM is greater than 1 for all LCCs. In the legacy carrier group, US Air is the only carrier with this ratio being greater than 1.

Comparing the stacked lines for all carriers shows a distinct grouping: US Air, United, Spirit, and Southwest are changing network structure far more than all other carriers; it is worth noting again that Southwest rate of change slowing down over time, as it’s network structure becomes progressively hub and spoke over time. 

Size and Structure Networks
 The measures and dynamics of network structure above can be criticized on the grounds that some of the variations in routes and route structure may have been due to carriers responding to competitive pressures. As such, a carrier may drop a route not because of network reconfiguration, but because it may be have been driven out by rivals. Similarly, a carrier may operate a route in response to entry by rivals and not because of network configurations. 

One way to confirm this is to note that in a P2P system each node is connected to all other nodes, while in a hub and spoke network each node is connected to a hub via a single route. Consider the following power relation
:

Figure 10: LCC Network Structure Ratio Index Line and Stacked Line Charts
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Figure 11: Legacy Carriers Network Structure Ratio Index (Line and Stacked Line Charts)
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Number of Nodes = α Number Links β


A HS network has many nodes with few links and (possibly) few nodes with many links: thus, the slope of the power equation above should be negative, with a high degree of curvature. For HS networks, β should take negative values. By a similar argument, P2P networks have many nodes with many links: β for P2P networks should be positive or alternatively have low negative values. Note that α can be interpreted as the size of the network.
Figure 12: All Carrier Network Structure Ratio Index ( Stacked Line Chart)
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Using DOT data from 1990-2006 we calculated the number of nodes and the number of links at each node for major and national legacy carriers and LCCs. The parameters α and β were estimated by regressing number of nodes on the number of links. The results are summarized in Table 4. 
Table 4 confirms that all legacy carriers have a HS structure (since β < 0), but are going through varying degrees of changes over time. Notice how United and Continental have been trending towards a HS network, while other carriers have experienced fluctuations in network design. In particular, US Air network structure dramatically changed between 1990 and 1995 as it operated an increasingly HS system, but then adjusted towards a distributed/point-to-point network, such that in 2006, it operated the least HS network. 

The LCC network structure reveal even more dramatic changes: notice that Southwest and Spirit are the only positive β carriers- in fact the β value for Southwest has been declining down to zero, eventually becoming negative, a clear cut sign that over time it is shifting to a HS design. The only “pure” distributed/point-to-point carrier in 2006 is Spirit. 

Economic Argument for Regulation 
We have shown that following deregulation, legacy carriers adopted HS networks, as this is cost efficient. Such networks by definition involve “spokes” of varying lengths, which in turn require aircrafts of different sizes and ranges—HS carriers by necessity must operate a diverse fleet. 

But with a deregulation policy which allows unrestricted entry, if other carriers were to enter the market, and serve fewer nodes than the incumbents by serving only cherry routes, it is possible to connect the smaller set of nodes through a distributed/point-to-point network. Such networks, in contrast to HS networks, can be operated using a single type of aircraft, implying that carriers can achieve lower CASM due to economies of scale in operations and volume purchase discount. Note, however, that D/P2P networks are cost efficient only on a smaller set of nodes.

Unrestricted entry has therefore given rise to two clusters of carriers-legacy carriers whose HS network structure is being undermined by  LCCs, who in turn are profitable by virtue of lower CASM, by serving a smaller set of nodes than legacy carriers, connected through a D/P2P network. As such, these dual layers of networks defeat one of the purposes of deregulation- that carriers operate efficient networks. 

Over time, as we have shown, carriers can respond in either of two scenarios: Firstly, legacy carriers may seek to duplicate legacy carriers’ success by shifting to (less efficient) D/P2P networks. Not only does this reduce social welfare, but over time, as economic profits tend to zero, will induce consolidation, when once again, due to efficiency reasons, carriers will opt for HS networks. Without a regulatory policy which restricts cherry picking, the cycle is bound to repeat itself. On the other hand, as LCCs grow, their D/P2P model become cost inefficient, prompting these to shift towards HS networks. But as with the first scenario, without regulation, once again cherry pickers can enter the market, which sets off the cycle again. Thus, from a static and dynamic sense, social welfare can be raised if, once HS networks are in place, for regulators restrict entry into cherry routes linked through D/P2P networks. 


Table 4: Network Structure Regressions

	
	1990
	1995
	2000
	2006

	
	α
	β
	α
	β
	α
	β
	α
	β

	Legacy Carriers

	Northwest
	16.44
	- 0.71
	9.63
	-0.49
	12.17
	-0.57
	18.02
	-0.70

	American
	12.88
	-0.54
	6.81
	-0.37
	14.03
	-0.67
	12.20
	-0.70

	US Air
	9.03
	-0.47
	19.21
	-0.75
	6.95
	-0.41
	7.86
	-0.55

	America West
	8.16
	-0.59
	14.85
	-0.79
	5.79
	-0.37
	8.17
	-0.59

	Alaska
	4.61
	-0.41
	8.66
	-0.72
	7.54
	-0.62
	11.41
	-0.82

	Delta
	24.61
	-0.79
	15.99
	-0.65
	11.62
	-0.52
	22.7
	-0.84

	Continental
	12.93
	-0.59
	9.07
	-0.58
	14.06
	-0.68
	23.1
	-0.86

	United
	14.46
	-0.61
	13.21
	-0.62
	14.68
	-0.66
	19.56
	-0.78

	LCCs

	Air Tran
	
	
	9.00
	-1.00
	6.84
	-0.61
	9.49
	-0.70

	Spirit
	
	
	1.39
	0.22
	1.66
	0.24
	1.23
	0.08

	Frontier
	
	
	11.55
	-0.92
	4.34
	-0.45
	11.42
	-0.80

	ATA
	2.00
	-0.50
	4.62
	-0.45
	6.30
	-0.66
	6.54
	-0.80

	Southwest
	0.65
	0.45
	1.32
	0.07
	1.4
	0.04
	2.27
	-0.08

	Jet Blue
	
	
	
	
	1.18
	0.11
	8.28
	-0.82

	Note: Data not available for some time periods as carriers did not exist at that time


LIMITATION OF THE STUDY AND FUTURE STUDIES 
This study has focused on the cost of transport as the criteria for social welfare. A possible extension of this paper is to examine social welfare by including prices as a component of social welfare. Another extension of this model could be to calculate social welfare not just in terms of the number of routes, but also in terms of the inconvenience of a network, measured by the number of stops, driving distance to alternative airports etc. 
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� See: McKinsey Quarterly Report, 8 September 2005, “The Battle for Europe’s low-fare flyers”.


� See Kou and McGahan (1995) and Borenstein (1992) for an excellent overview. 


� See Borenstein (1989)


� See Lee, D., Luengo-Prado, M., (2005)


� Source: DOT T-100 tables and own calculations. Note that starting 2002, regional carriers were required to report passenger data. The spike in 2002 represents regional carriers reporting, not new entries. 


� Survivor figures are interpreted as follows: it indicates the percentage of carriers in a given year which have survived until 2006. 


� Source: DOT T-100 tables and own calculations.


� Source: � HYPERLINK "http://www.airfleets.net" ��http://www.airfleets.net�





� Source: DOT P-12 and T-1 data and own calculations. Higher numbers represent a cost advantage for LCCs and a cost disadvantage for legacy carriers. 


� Source: CreditSights. Other costs include cost of leasing. 


� Source: CreditSights


� This also implies that Southwest’s success in lowering fuel costs from hedging may not occur if high jet fuel prices are the norm, for then the cost of hedging will be higher. 


� Source: Fleet data from CreditSight, 3Q05 and � HYPERLINK "http://www.airfleets.net" ��http://www.airfleets.net� . Range data from http://www.airliners.net/


� See Shy, O. (2001), Hendricks et al (1995, 1999).


� It also depends on the number of stops, frequency of flights, airport fees, expected congestion times, and the type of aircraft.


� � HYPERLINK "http://www.eia.doe.gov/oil_gas/petroleum/info_glance/jetfuel.html" ��http://www.eia.doe.gov/oil_gas/petroleum/info_glance/jetfuel.html�. Daily spot prices are for Rotterdam (ARA) Kerosene-Type Jet Fuel Spot Price FOB (Cents per Gallon), June 2, 1986-August 22, 2006








� See Berry, et al (2004)


� Ratio is calculated as (Routes – HS Index)/(P2P Index – HS Index). Higher values imply network is leaning towards P2P structure. 
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