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Abstract

This paper presents a detailed empirical comparison of airport connectivities in four major multiple airport cities (London, New York, Los Angeles, and San Francisco). Our analysis draws on data derived from a previously largely untapped information source, i.e. the so-called ‘Marketing Information Data Transfer’ (MIDT). This dataset contains information on actually flown transnational routes, which allows for a thorough assessment of the chief connectivity characteristics of specific airports. Our results point to functional divisions among airports, both in terms of their geographical scale (e.g. national, regional, and international airports) and their specific role in the airline network (e.g. origin/destination versus hub airports). The implications of the results are discussed, and some avenues for future research are considered.
I. Introduction

In a deregulated air transport market, airports in multiple airport cities (MACs) survive by attracting and accommodating enough passengers. A study by Pels et al. (1997), for instance, reveals that an airline’s choice for a specific airport is driven by the level of demand more so than by the airport’s pricing policies
. To obtain a more refined picture of what constitutes and drives the ‘level of demand’ at MAC airports, Pels et al. (2000, 2001) later engaged in an analysis of the variables influencing the choice for a particular airport in the San Francisco Bay Area. They hereby distinguish between two sets of mutually interacting factors, i.e. (i) airport characteristics and (ii) airline characteristics. The former refer to variables such as access time and passenger charges, the latter to variables such as airline pricing schemes, offered direct destinations, and flight frequencies. To model the impact of these variables (as well as their interactions), Pels et al. (2000, 2001) apply a nested multinomial logit model to the airport system in the Bay Area. The data consist of a combination of (i) airport-specific survey information gathered by the Oakland-based Metropolitan Transportation Commission (MTC) and (ii) airline-specific information on direct routes provided by the Official Airline Guide (OAG).

The research by Pels et al. (2000, 2001) continues a long tradition of demand modelling for MAC airports (e.g. Kanafani et al., 1975; De Neufville, 1976, 1984; Ashford and Benchemam, 1987; Harvey, 1987; Thompson and Caves, 1993). However, in spite of the conceptual sophistication of these models, their relevance seems to be somewhat hampered by a number of data deficiencies. For instance, a key missing variable in the models of Pels et al. (2000, 2001) – as the authors themselves acknowledge – is actual ticket prices. The absence of this information leads the authors to second-guessing the impact of low cost-carriers on the model results. The adopted research design in Pels et al. (2000, 2001) equally implies that only a specific portion of the ‘level of demand’ is modelled: only potential origin passengers are considered. Exclusively modelling the demand of prospective origin passengers is, of course, an entirely valid approach for answering some salient research and policy questions (e.g., the impact of airport accessibility on attracting origin passengers). But this partial approach becomes less suitable if one wishes to consider the total demand level at a MAC airport: destination and hub passengers are dropped off the map. However, competition for hub passengers in particular is becoming increasingly relevant because of the adoption of hub-and-spoke models for organizing route structures (Button, 2002). Demand models for hub-and-spoke networks have been developed (e.g. Hendricks et al., 1996; for a useful overview, see Bryan and O’Kelly, 1999), but thus far the possible implications for MACs have not been explicitly broached. Once again, the major impediment to the development of such models may well be the lack of suitable data. The OAG data employed by Pels et al. (2000, 2001), for instance, do not allow singling out an airport’s hub connectivity: OAG-data consist of information on route capacities rather than actually flown connections, which makes it impossible to distinguish between origin passengers and passengers making an onward connection. 
Taken together, the previous discussion suggests that an airline’s choice for a specific MAC airport may in practice relate to quite intricate implementations of the potential ‘level of demand’. It is, for instance, possible that it refers to the potential volume of hub passengers (e.g. London Heathrow as international hub for British Airways), business passengers (e.g. London City Airport as destination for short-haul business flights), or even low-cost passengers (e.g. London Stansted as EasyJet’s base for no-frills flights to tourist destinations). The main purpose of this paper is to complement previous modelling exercises with a simple, but detailed empirical comparison of the chief characteristics of airport connectivities in a number of major MACs. This paper does, therefore, not report on demand modelling per se; the focus is on providing an introductory description of the various scalar and functional differences between different airports in some major MACs. This detailed comparison is made possible by drawing upon a data source introduced in Derudder and Witlox (2005). This so-called ‘Marketing Information Data Transfer’ (MIDT) data source contains information on the spatiality of actually flown, transnational connections in the period January-August 2001, which allows for a thorough assessment of the principal characteristics of specific airports. 
The remainder of this paper is organized as follows. The next section discusses the data and our framework of analysis. The third section presents the actual description of airport connectivities in some notable MACs. The fourth section discusses the main implications of our findings, and outlines some avenues for future research.

II. Framework of analysis and data
In this paper, we describe the scalar and functional differentiation among airports in four major MACs, i.e. those centred on London, New York, Los Angeles, and San Francisco. O’Connor (2003, p. 91) identifies a total of 17 MACs, whereby London, New York and Los Angeles dominate this list with at least five airports. We also include San Francisco because this is arguably the most intensively researched city in this context (e.g. Harvey, 1987; Pels et al., 2000, 2001)
. For each MAC, we gauge airport connectivities and their associated spatiality. This is done separately for origin/destination (O/D) and hub flows. In addition, we examine which carriers contribute to the overall connectivity for both types of flows. Table 1 gives an overview of the airports included in the analysis.
Table 1

Arguably the most important novelty here lies in the detailed assessment of the significance and the spatiality of an airport’s hub function. The mounting importance of hub connectivity can be traced back to the fact that this organizational form allows “airlines to exploit important productive efficiencies due to the presence of economies of traffic density and economic of scope” (Nero, 1999, p. 226; see also Oum et al., 1995; Hendricks et al., 1996), processes that have in turn been catalyzed by ‘external trends’ such as the deregulation pacts in Europe and the United States (Burghouwt and Veldhuis, 2005)
. We gauge hub connectivity in two different ways. The first measure is the absolute hub intensity of airports (AH), whereby hubs are identified in terms of the total number of passengers making an onward connection. The second measure is the relative hub intensity of airports (RH), which is computed by dividing AH by the total volume of passengers making use of the airport. If RH = 0, then the airport functions as pure origin/destination node. If RH = 1, then the airport functions exclusively as hub.

In the previous section, we argued that a major impediment to detailed assessments of the hub functionality of (MAC) airports is the lack of suitable data. The whole idea of hubs is that passengers make onward connections, but such information is not registered in standard airline statistics (Derudder et al., 2007): standard data sources customarily gauge the individual legs of O/D connections rather than the connections in their entirety. This holds true for the OAG data employed by Pels et al. (2000, 2001), but also for the information provided by the International Civil Aviation Organization (ICAO), the International Air Transport Association (IATA), and the Association of European Airlines (AEA). In this paper, we therefore draw on a new and largely untapped data source. This so-called ‘Marketing Information Data Transfer’ (MIDT) database contains information on airline bookings made through so-called Global Distribution Systems (GDS). GDS are electronic platforms used by travel agencies for managing airline bookings, hotel reservations and car rentals. Well-known examples of GDS are Galileo, Apollo, Sabre, Worldspan, Amadeus, Topas, Infini and Abaccus (Shepherd Business Intelligence 2004)
. For every GDS-based booking, the MIDT database records information on airline codes, flight numbers, O/D airports, switching points (if any), booking date, departure date, agency name, cancellation indicators, and so on. Through the cooperation of an airline, we were able to make use of a MIDT database covering the period January-August 2001. The dataset contains information on a total of 547 410 397 passengers movements, 127 288 181 of which pertain in one way or the other to the four MACs under investigation. Table 2 gives the reader an idea of the basic outline of the MIDT database. Because of the specific way in which the data were recorded, it becomes possible to distinguish between an airport’s O/D flows (“ORIGIN” and “DESTINATION” fields) and its hub connectivity (“CXN1” and “CXN2” fields). 
Table 2

III. Airport connectivities in major MACs

III.a. Origin/destination flows
Table 3 presents an overview of airport O/D-connectivity in each of the four MACs. The table lists the total volume of passengers for each airport, and unravels the spatiality behind this overall connectivity; spatial patterns are assessed (i) by distinguishing between national and international flows and (ii) through a more wide-ranging regional breakdown of passenger movements. 

Table 3

In terms of load division among the different airports, New York and Los Angeles have very different profiles. In New York, there are three airports with – roughly speaking – similar levels of O/D connectivity (John F. Kennedy, LaGuardia, and Newark). In Los Angeles, in contrast, one airport towers above all the others (Los Angeles International with about 10 times more passengers than John Wayne in Orange County). London and San Francisco have an in between profile: one airport is dominating the MAC-system, but this dominance is far less profound than in Los Angeles – Heathrow and San Francisco International boast 3 to 4 times more O/D passengers than the second most important airport in their respective MACs (Gatwick and  San José International respectively). 

In addition to the presence of one or more dominant airport(s), each MAC has one or more airports serving a relatively small volume of passengers. Table 3 suggests that these smaller airports have, in general, a regional connectivity profile: airports such as Stewart in New York, Long Beach in Los Angeles, and Sonoma County in San Francisco have limited connectivities that are almost exclusively oriented to other US cities. It is perhaps useful to remind that this spatiality is not an artefact of the data, since our data cover genuine O/D-flows rather than offered capacities from/to specific airports. 

In general, airports with sizable O/D connectivities have a more developed international profile. In each of the three US MACs, the most important airport is also by far the most international airport. In San Francisco and Los Angeles, only the leading airport exhibits a substantial international O/D profile. The international connections of San Francisco International and Los Angeles International are predominantly oriented on Latin America, Europe and Pacific Asia, albeit that San Francisco International has in relative terms stronger connections to European and Pacific Asian cities. In New York, things are a little bit more complex. Despite similar levels of O/D connectivity, there is a clear-cut difference between John F. Kennedy (JFK) as truly international airport (only 25% of O/D passengers travel to/from a US city) and LaGuardia as national airport (more than 90% of O/D passengers travel to/from a US city). JFK clearly functions as New York’s prime gateway for air transportation to/from other parts of the world, with important connections to European (31%) and Latin American (26%) cities. Newark takes on an in between position in New York’s MAC-system: a sizable dominance of US flows (63%) is coupled with relatively important O/D flows to European (16%) and Latin American (13%) cities.
Given the relatively small size of the UK, a division between international and national connections is less suitable for comparing the O/D connectivities in London’s MAC system: as in US MACs, the leading airport (Heathrow) is also the most international airport, but since each airport has its fair share of UK and non-UK flights, the real differences are to be found in the volume of flows to/from other European cities. Only Heathrow and Gatwick have important flows beyond Europe. From this ‘European’ perspective, Gatwick is even at least as ‘international’ as Heathrow, with almost 50% of O/D passengers flying to/from non-European cities. There is, however, a clear-cut spatial division between both airports: Gatwick’s international passengers are predominantly flying to US and – to a lesser degree – Latin American cities, while Heathrow’s international connections are more spread out with important flows to cities in South and Pacific Asia, the Middle East, and Oceania, in addition to important US connections.
For each airport, Table 4 lists carriers according to their contribution to the total O/D connectivity. All US MAC airports are dominated by US-based carriers. The table reveals some basic patterns of corporate organization, such as the control over Newark and JFK by Continental Airlines and American Airlines respectively. In general, however, there are few signs of monopoly formation (at least at the level of the airports, this is not necessarily the case for specific flows to/from the airport): although one carrier may surpass others in terms of O/D-flows, there are almost always other carriers with a significant market share. In the deregulated US air transport market, even small airports such as Westchester and Stewart are served by multiple carriers
. 
Table 4

London’s most important airports (Heathrow and Gatwick) are dominated by British Airways. The significance of US flows from/to Gatwick is exemplified by the important position of Virgin Atlantic Airways (which specializes in US flights) and US carrier Continental Airlines. Flights offered by non-UK carriers encompass a fair share of London’s airline market: Lufthansa is ranked 3rd at Heathrow, while back in 2001 SwissAir held a more important position at business airport London City than any other (UK) carrier.
III.b. Hub flows
Table 5 presents an overview of airport hub connectivity in each of the four MACs. The AH and RH rankings are complemented with a simple measure of ‘internationality’. This is achieved by distinguishing between international, regional, and mixed international/regional hub flows: (i) a hub function for cities in other regions is considered to be ‘international’ (e.g. John F. Kennedy for the connection Brussels-Mexico City), (ii) a hub function for cities in the own region is considered to be ‘regional’ (e.g. LaGuardia for the connection Chicago-Orlando), and (iii) a hub function for a connection between a city in the own region and a city in another region is considered to be ‘mixed international/regional’ (e.g. Newark for the connection Amsterdam-Denver)
.

Table 5
The first and most obvious pattern is that, taken together, in MACs the most important O/D airports are also the major hub airports
. Los Angeles’ one-airport dominance in terms of O/D flows, for instance, re-emerges: Los Angeles International is the only airport with significant hub flows. The only exceptions are LaGuardia and Oakland Metropolitan, which have far fewer hub passengers than JFK/Newark and San Francisco International/San José International respectively. This implies that LaGuardia exhibits totally different scalar and functional characteristics than JFK and Newark: it is an O/D airport with an unambiguous national focus. A similar observation can be made for Oakland Metropolitan. 
In New York’s MAC-system, Newark’s hub function is a little bit more important than JFK in both absolute and relative terms (see also Schaafsma, 2003 p. 30). However, JFK has a more developed international profile; only 4% of JFK’s hub passengers travel between North American cities (30% for Newark). Although San José International connects a sizable number of hub passengers, it is far less important in absolute and in relative terms than San Francisco International. The latter also enjoys a more international profile: 56% of its hub passengers fly to/from a city outside North America. In London’s MAC-system, Heathrow dominates all other airports in absolute volume of hub passengers. However, in relative terms, Gatwick stays in tune with about 14% of all passengers making an onward connection. The spatiality of their hub functions is more or less comparable, with Heathrow connecting more international passengers.
For each airport, Table 6 lists carriers according to their contribution to the airport’s total hub connectivity. The table also features the total number of carriers connecting passengers at that airport (with a threshold of 1000 hub passengers during the period under investigation). In general, the rankings largely replicate those for O/D flows. There is, however, one major difference: the ‘gaps’ between different carriers are considerably bigger. Thus, while Continental serves 5 times more O/D passengers at Newark than runner-up American Airlines, it serves about 100 times more hub passengers. A major exception is JFK, where Delta is ranked first in terms of hub flows, whereas it is only the second most important carrier for genuine O/D flows. 
Table 6
British Airways dominates hub connectivity at both Heathrow and Gatwick. It is clear that British Airways pursues a double-hub strategy, in which both airports are considered to be viable switching points in London’s MAC-system. This strategic approach has been materialized through schemes such as the mid-90s Jupiter project (Starkie, 2002). This project involved moving some long-haul routes (especially African connections) from Heathrow to Gatwick. The freed slots at Heathrow were thereupon used for other services. Since then, there has been a continuous re-shuffling of British Airways routes between both airports.

IV. Discussion and avenues for further research
In the previous section, we presented a straightforward overview of airport connectivity in some major MACs. All in all, the various tables contain few surprises. It is, for instance, well established that Continental’s position in New York’s MAC-system assumes a Newark-concentrated strategy involving sizable hub schemes. However, the major point here is that, in contrast to standard airline statistics, MIDT data are effectively capable of revealing such widely acknowledged patterns. Clearly, these data offer numerous possibilities for further research on air transport in general and MACs in particular. Such future MAC research can, of course, merely consist of more refined descriptions than those presented here. For instance, for airports with a firm regional or national focus (such as the specialized national airports in US MACs), further spatial de-aggregation of the data may reveal some interesting patterns. However, the most promising opportunities are perhaps to be found in refining existing MAC demand models. 

These refinements do not necessarily entail fully fledged hub demand models for MACs per se. First, it seems highly unlikely that existing hub models can be applied to MAC-systems. After all, MAC circumscriptions lose most of their relevance in the context of hub-and-spoke networks. When examining competition for origin passengers, it can readily be assumed that a MAC represents a meaningful unit of analysis. But MAC airports face far greater competition when it comes down to attracting hub connectivity. E.g., in spite of some spatial constraints, a passenger travelling from Brussels to San Francisco has many options at his/her disposal. A second reason why the consideration of hub flows may be less relevant in this context is that MACs are, in general, not major transaction centres for passenger flows. In a previous, city-oriented study based on the MIDT data, it was found that well-connected O/D cities such as London, New York and Los Angeles are not necessarily major hubs in airline networks (Derudder et al., 2007; see also Schaafsma, 2003; De Neufville and Odoni, 2003; see, however, Pels et al., 1997). This is because the basic conditions for ideal hub functioning are not met: O/D-related congestion around MACs implies that it becomes increasingly fruitful to bypass them when organizing route structures. Centrally located cities with relatively limited O/D traffic (e.g., St. Louis, Cincinnati and Dallas) can offer reliable schedules and cost savings associated with agglomeration in less important urban areas. Taken together, this implies that competition for hub passengers may well be a very difficult proposition in the context of MACs: it involves airports beyond the MAC-system, and MAC attractiveness for hub functions is increasingly being downplayed because of locational and capacity constraints. 
However, this does not imply that consideration of hub flows is trivial. First, because of the sheer size of their O/D-market, major MACs will likely remain reasonably important hubs in absolute terms. And second, because an airline’s choice for a specific airport is disproportionately influenced by prospective hub passengers, these connections do represent a crucial element in demand models. This disproportionate importance of hub passengers can be traced back to the observation that O/D carriers have far more scope for switching operations between different airports than hub carriers. The major implication here is that an airline’s choice for a specific MAC airport may in large part be driven by the prospective volume of hub passengers, even if these amount only to a relative small proportion of the overall connectivity. In London, British Airways is capable of sustaining two hub airports because of its sheer market dominance (coupled with the city’s prime position in global airline networks; see also Berechman and De Wit, 1996). In US MACs, however, achieving and sustaining market dominance is more difficult because of the large number of competing carriers. As a consequence, empirical insight in the volume and the spatiality of hub flows is of prime importance for modelling the complex mechanisms driving demand in MACs. 
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	Table 1: airports included in the analysis


	Multiple Airport City
	Airport (Iatacode)

	London
	London City Airport (LCY)

	
	London Gatwick Airport (LGW)

	
	London Heathrow Airport (LHR)

	
	London Luton Airport (LTN)

	
	London Stansted Airport (STN)

	
	

	New York
	John F. Kennedy International Airport (JFK)

	
	LaGuardia Airport (LGA)

	
	Newark Liberty International Airport (EWR)

	
	Stewart International Airport (SWF)

	
	Westchester County Airport (HPN)

	
	

	Los Angeles
	Bob Hope Airport (BUR)

	
	John Wayne Airport (Orange County Airport) (SNA)

	
	Long Beach Airport (LGB)

	
	Los Angeles International Airport (LAX)

	
	Ontario International Airport (ONT)

	
	Santa Barbara Municipal Airport (SBA)

	
	

	San Francisco
	Charles M. Schulz Sonoma County Airport (STS)

	
	Norman Y. Mineta San José International Airport (SJC)

	
	Oakland International Airport (OAK)

	 
	San Francisco International Airport (SFO)


	Table 2: excerpt of the MIDT database

	 
	 
	 
	 
	 

	origin
	destination
	numseg
	carrier1
	carrier2
	carrier3
	cnx1
	cnx2
	total pax

	LHR
	BLQ
	1
	BA
	
	
	
	
	37746

	LHR
	LAS
	1
	UA
	
	
	
	
	2446

	LHR
	ATH
	2
	LH
	LH
	
	FRA
	
	1944

	LHR
	OAK
	2
	UA
	UA
	
	ORD
	
	57

	LHR
	GCM
	3
	AA
	AA
	AA
	JFK
	MIA
	130

	LHR
	ISB
	3
	GF
	GF
	GF
	BAH
	AUH
	269


	Table 3: airport O/D connectivity in each of the four MACs (situation 2001)


	Airport
	OD pax
	% national
	% international
	% regional

	LONDON
	Europe
	N-Am
	Latin Am
	E-Asia & Pac
	MENA
	FSU/C-Asia
	Oceania
	S-Asia
	Sub-Sah Afr

	London Heathrow Airport
	26680723
	8%
	92%
	53,63%
	19,24%
	2,15%
	7,70%
	6,14%
	0,80%
	2,79%
	3,65%
	3,91%

	London Gatwick Airport
	7846817
	12%
	88%
	53,20%
	31,50%
	7,28%
	0,79%
	1,24%
	1,05%
	0,07%
	0,38%
	4,48%

	London Stansted Airport 
	1388933
	10%
	90%
	93,15%
	2,73%
	0,51%
	0,71%
	1,91%
	0,17%
	0,09%
	0,18%
	0,56%

	London City Airport 
	902607
	23%
	77%
	98,41%
	0,36%
	0,20%
	0,23%
	0,19%
	0,06%
	0,01%
	0,06%
	0,47%

	London Luton Airport 
	198295
	17%
	83%
	99,98%
	0,00%
	0,00%
	0,00%
	0,01%
	0,00%
	0,00%
	0,00%
	0,00%

	
	
	
	
	
	
	
	
	
	
	
	
	

	NEW YORK
	Europe
	N-Am
	Latin Am
	E-Asia & Pac
	MENA
	FSU/C-Asia
	Oceania
	S-Asia
	Sub-Sah Afr

	John F. Kennedy International Airport
	15650776
	24%
	76%
	30,89%
	25,33%
	25,65%
	7,21%
	4,39%
	1,14%
	0,48%
	3,28%
	1,64%

	Newark Liberty International Airport
	13758248
	63%
	37%
	15,70%
	66,51%
	12,71%
	2,41%
	1,55%
	0,13%
	0,11%
	0,62%
	0,25%

	LaGuardia Airport
	10214707
	87%
	13%
	0,40%
	93,38%
	5,44%
	0,70%
	0,06%
	0,00%
	0,01%
	0,00%
	0,01%

	Westchester County Airport
	384089
	97%
	3%
	0,18%
	99,31%
	0,23%
	0,26%
	0,00%
	0,00%
	0,01%
	0,00%
	0,00%

	Stewart International Airport
	177386
	98%
	2%
	0,52%
	98,34%
	0,84%
	0,26%
	0,01%
	0,00%
	0,03%
	0,00%
	0,00%

	
	
	
	
	
	
	
	
	
	
	
	
	

	LOS ANGELES
	Europe
	N-Am
	Latin Am
	E-Asia & Pac
	MENA
	FSU/C-Asia
	Oceania
	S-Asia
	Sub-Sah Afr

	Los Angeles International Airport
	22275989
	55%
	45%
	8,91%
	59,09%
	14,24%
	12,98%
	0,94%
	0,16%
	3,02%
	0,49%
	0,17%

	John Wayne Airport (Orange County Airport)
	2399095
	97%
	3%
	0,68%
	98,29%
	0,74%
	0,25%
	0,02%
	0,00%
	0,00%
	0,00%
	0,01%

	Ontario International Airport
	1526880
	95%
	5%
	0,50%
	96,96%
	2,27%
	0,20%
	0,02%
	0,01%
	0,02%
	0,01%
	0,01%

	Bob Hope Airport
	793641
	99%
	1%
	0,10%
	99,65%
	0,13%
	0,12%
	0,00%
	0,00%
	0,00%
	0,00%
	0,00%

	Santa Barbara Municipal Airport 
	222403
	89%
	11%
	3,78%
	92,13%
	1,80%
	1,70%
	0,11%
	0,02%
	0,38%
	0,04%
	0,04%

	Long Beach Airport
	218467
	99%
	1%
	0,12%
	99,54%
	0,32%
	0,00%
	0,00%
	0,00%
	0,00%
	0,00%
	0,00%

	
	
	
	
	
	
	
	
	
	
	
	
	

	SAN FRANCISCO
	Europe
	N-Am
	Latin Am
	E-Asia & Pac
	MENA
	FSU/C-Asia
	Oceania
	S-Asia
	Sub-Sah Afr

	San Francisco International Airport 
	12297086
	56%
	44%
	13,67%
	60,30%
	6,24%
	16,16%
	0,78%
	0,20%
	1,07%
	1,38%
	0,19%

	Norman Y. Mineta San José International Airport 
	3442422
	88%
	12%
	1,42%
	90,86%
	4,80%
	2,58%
	0,08%
	0,01%
	0,16%
	0,07%
	0,02%

	Oakland International Airport
	2019534
	94%
	6%
	0,26%
	95,19%
	4,29%
	0,09%
	0,01%
	0,00%
	0,14%
	0,01%
	0,01%

	Charles M. Schulz Sonoma County Airport 
	15363
	95%
	5%
	0,89%
	95,54%
	1,89%
	0,50%
	0,05%
	0,01%
	1,03%
	0,08%
	0,02%


	 Table 4: OD carriers (situation 2001)


	Airport
	OD Carrier
	OD pax

	
	
	

	LONDON

	London Heathrow Airport
	British Airways (United Kingdom)
	9167342

	 
	BMI (United Kingdom)
	2142753

	 
	Lufthansa (Germany)
	1511144

	London Gatwick Airport
	British Airways (United Kingdom)
	4350857

	 
	Virgin Atlantic Airways (United Kingdom)
	633108

	 
	Continental Airlines (United States)
	618719

	London Stansted Airport
	Lufthansa (Germany)
	388163

	 
	Ryanair (Ireland)
	364659

	 
	KLM Royal Duth Airlines (Netherlands)
	224163

	London City Airport
	Swiss International Air Lines (Switzerland)
	149087

	 
	British European (United Kingdom)
	123227

	 
	Air France (France)
	98674

	London Luton Airport
	Monarch Airlines (United Kingdom)
	128603

	 
	Ryanair (Ireland)
	21076

	 
	British European (United Kingdom)
	15953

	
	
	

	NEW YORK

	John F. Kennedy International Airport
	American Airlines (United States)
	3470136

	 
	Delta Airlines (United States)
	1653467

	 
	Trans World Airlines (United States)
	1651872

	Newark Liberty International Airport
	Continental Airlines (United States)
	7307812

	 
	American Airlines (United States)
	1467271

	 
	Delta Airlines (United States)
	1233871

	LaGuardia Airport
	US Airways (United States)
	2717430

	 
	Delta Airlines (United States)
	2640095

	 
	American Airlines (United States)
	2321479

	Westchester County Airport
	American Airlines (United States)
	128517

	 
	US Airways (United States)
	113640

	 
	United Airlines (United States)
	92456

	Stewart International Airport
	American Airlines (United States)
	81953

	 
	Midway Airlines (United States)
	77878

	 
	Delta Airlines (United States)
	61580

	
	
	

	LOS ANGELES

	Los Angeles International Airport
	United Airlines (United States)
	4527924

	 
	American Airlines (United States)
	3634479

	 
	Delta Airlines (United States)
	2214986

	John Wayne Airport (Orange County Airport)
	American Airlines (United States)
	871158

	 
	United Airlines (United States)
	525601

	 
	American West Airlines (United States)
	458326

	Ontario International Airport
	Southwest Airlines (United States) 
	447372

	 
	United Airlines (United States)
	431655

	 
	Delta Airlines (United States)
	320235

	Bob Hope Airport
	Southwest Airlines (United States) 
	387857

	 
	United Airlines (United States)
	246981

	 
	American West Airlines (United States)
	154198

	Santa Barbara Municipal Airport
	United Airlines (United States)
	215814

	 
	American Airlines (United States)
	86903

	 
	American West Airlines (United States)
	55548

	Long Beach Airport
	American Airlines (United States)
	169385

	 
	American West Airlines (United States)
	125053

	 
	Continental Airlines (United States)
	2770

	
	
	

	SAN FRANCISCO

	San Francisco International Airport
	United Airlines (United States)
	4584988

	
	American Airlines (United States)
	1603583

	
	Delta Airlines (United States)
	1028300

	Norman Y. Mineta San José International Airpor
	American Airlines (United States)
	1633567

	
	United Airlines (United States)
	659726

	
	Southwest Airlines (United States)
	443195

	Oakland International Airport
	Southwest Airlines (United States)
	715982

	
	United Airlines (United States)
	560225

	
	American Airlines (United States)
	359137

	Charles M. Schulz Sonoma County Airport
	United Airlines (United States)
	23745

	
	American Airlines (United States)
	240

	
	Delta Airlines (United States)
	204


	Table 5: airport hub connectivity in each of the four MACs (situation 2001)
 

	Airport
	AH
	RH
	% regional
	% mixed international/regional
	% international

	LONDON
	
	
	

	London Heathrow Airport
	4523686
	15%
	15%
	65%
	20%

	London Gatwick Airport
	1302004
	14%
	22%
	64%
	14%

	London City Airport
	15245
	2%
	98%
	2%
	0%

	London Stansted Airport
	7447
	1%
	83%
	14%
	3%

	London Luton Airport
	75
	0%
	60%
	40%
	0%

	
	
	
	
	
	

	NEW YORK
	
	
	

	Newark Liberty International Airport 
	2007555
	13%
	30%
	65%
	6%

	John F. Kennedy International Airport 
	1565894
	9%
	4%
	90%
	6%

	LaGuardia Airport 
	202471
	2%
	81%
	19%
	0%

	Westchester County Airport 
	568
	0%
	100%
	0%
	0%

	Stewart International Airport 
	7
	0%
	100%
	0%
	0%

	
	
	
	
	
	

	LOS ANGELES
	
	
	

	Los Angeles International Airport 
	3654304
	14%
	42%
	54%
	4%

	John Wayne Airport (Orange County Airport) 
	11199
	0%
	100%
	0%
	0%

	Ontario International Airport
	1419
	0%
	98%
	2%
	0%

	Bob Hope Airport
	377
	0%
	100%
	0%
	0%

	Santa Barbara Municipal Airport 
	270
	0%
	100%
	0%
	0%

	Long Beach Airport
	2
	0%
	100%
	0%
	0%

	
	
	
	
	
	

	SAN FRANCISCO
	
	
	

	San Francisco International Airport
	1743181
	12%
	44%
	55%
	1%

	Norman Y. Mineta San José International Airport
	200608
	6%
	62%
	38%
	0%

	Oakland International Airport
	20802
	1%
	99%
	1%
	0%

	Charles M. Schulz Sonoma County Airport 
	0
	0%
	0%
	0%
	0%


	Table 6: Hub carriers (situation 2001)



	Airport
	Hub Carrier
	AH
	# hub carriers

	
	
	
	

	LONDON

	London Heathrow Airport
	British Airways (United Kingdom)
	5182044
	78

	 
	BMI (United Kingdom)
	673445
	 

	 
	United Airlines (United States)
	421223
	 

	London Gatwick Airport
	British Airways (United Kingdom)
	2170934
	30

	 
	Virgin Atlantic Airways (United Kingdom)
	80301
	 

	 
	Emirates Airlines (United Arab Emirates)
	57167
	 

	London City Airport
	Swiss International Air Lines (Switzerland)
	8913
	6

	 
	British European (United Kingdom)
	6223
	 

	 
	Air Lingus (Republic of Ireland)
	5430
	 

	London Stansted Airport
	Ryanair (Ireland)
	7041
	2

	 
	Lufthansa (Germany)
	1119
	 

	London Luton Airport
	-
	-
	0

	
	
	
	

	NEW YORK

	Newark Liberty International Airport
	Continental Airlines (United States)
	3540957
	28

	 
	Scandinavian Airlines (Denmark, Normway, Sweden)
	68753
	 

	 
	Northwest Airlines (United States)
	55870
	 

	John F. Kennedy International Airport
	Delta Airlines (United States)
	1394978
	60

	 
	American Airlines (United States)
	796171
	 

	 
	Trans World Airlines
	187579
	 

	LaGuardia Airport
	US Airways (United States)
	220518
	15

	 
	American Airlines (United States)
	100503
	 

	 
	Delta Airlines (United States)
	27634
	 

	Westchester County Airport
	-
	-
	0

	Stewart International Airport
	-
	-
	0

	
	
	
	

	LOS ANGELES

	Los Angeles International Airport
	United Airlines (United States)
	2618101
	57

	 
	American Airlines (United States)
	1391147
	 

	 
	Delta Airlines (United States)
	530091
	 

	John Wayne Airport (Orange County Airport)
	American West Airlines (United States)
	16433
	3

	 
	American Airlines (United States)
	3144
	 

	 
	United Airlines (United States)
	1514
	 

	Ontario International Airport
	Southwest Airlines (United States) 
	1818
	1

	Bob Hope Airport
	-
	-
	0

	Santa Barbara Municipal Airport
	-
	-
	0

	Long Beach Airport
	-
	-
	0

	
	
	
	

	SAN FRANCISCO
	
	

	San Francisco International Airport
	United Airlines (United States)
	2990815
	32

	
	Northwest Airlines (United States)
	65166
	

	
	Alaska Airlines (United States)
	54890
	

	Norman Y. Mineta San José International Airport
	American Airlines (United States)
	361143
	5

	
	Southwest Airlines (United States) 
	20997
	

	
	Alaska Airlines (United States)
	10966
	

	Oakland International Airport
	Southwest Airlines (United States) 
	36323
	2

	
	Alaska Airlines (United States)
	3198
	

	Charles M. Schulz Sonoma County Airport
	-
	-
	0


� Starkie (2002, p. 67), however, points out that the situation may be somewhat different for low-cost carriers. The pricing policy-based competition between Luton and Stansted in the early 90s is a prime example here: encouraged by the attraction of lower charges Ryanair decided to switch most of its flight from Luton to Stansted. 





� O’Connor’s (2003) overview is based on the Airports Council International’s (ACI) list of the world’s busiest 100 airports and Beaverstock et al.’s (1999) world city ranking. It is important to note that the identification of MACs focuses on large-scale metropolitan areas rather than a stringent interpretation of city centres. Newburgh’s Stewart Airport, for instance, is considered to be a part of New York’s airport-system, in spite of its location more than 100 kilometres away from Manhattan. The other 13 MAC’s are: Chicago, Dallas, Houston, Jakarta, Las Vegas, Milan, Montreal, Moscow, Osaka, Paris, Rome, Tokyo, and Washington.





� It can be expected that the further liberalisation of air traffic will once again reinforce the trend towards hub-and-spoke based forms organization, but there are at the same time some powerful countertendencies at work. The most important countertendency is the mounting success of low-cost carriers, which are notorious for their use of a point-to-point organization. The ensuing reinstatement of large-scale point-to-point models challenges the gradual shift towards hub-and-spoke networks, and this is likely to gain further pace as low-cost carriers continue to increase their market shares. It is difficult at this stage to predict how the total share of both organizational networks will evolve, but it is obvious that both systems will continue to co-exist.





� Miller (1999) estimates that as late as 1999, more than 80% of airline bookings were made through GDS. The connections that are not being recorded in the MIDT database primarily pertain to low cost carriers such as EasyJet. The connectivity of London’s ‘low cost’-oriented airports (Stansted and Luton), for instance, will therefore likely be underestimated. It also implies that it is not straightforward to gauge the relative importance of individual carriers at such airports.








� Perhaps the only exception is Charles M. Schulz Sonoma County Airport, which is dominated by United Airlines. 





� The use of the term ‘connected airports’ hereby refers to a passenger’s actual place of origin/destination. This means that when a passengers makes two ore more intermediate stopovers, the hub function of the switching points is considered vis-à-vis the O/D-airports rather than the backward and forward linkages. The use of the term ‘regional’, in turn, refers to the regions considered in Table 3.





� However, when compared to the hub function of other airports in the global airline network, the importance of this hub function needs to be toned down. Schaafsma (2003, p. 28; see also Derudder et al., 2007) notes that the major airports of Atlanta, Chicago and Dallas/Fort Worth are far more important hub airports than JFK and Los Angeles International, both in size and dominance of the home carriers: “New York and Los Angeles are typical O/D airports: big, with considerable international travel, but with very limited roles as hubs.”
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