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ABSTRACT
Benefits and costs associated to hubbing practices of airlines are still subject to much debate. In the previous literature, some standard spatial concentration indices have been proposed to measure it. However, we show that these indices are “ill-defined” because they do not take into account the salient characteristic of hubbing: connecting passengers. The purpose of this research is to present a new methodology which avoids the pitfalls of other methods. Our new methodology also analyzes the level of concentration of the connecting passengers studying two different dimensions: hub airports and routes. Finally, we apply our methodology to some US carriers.
Keywords: Network configuration, Spatial concentration, Hub-and-Spoke (H-S) networks.
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1 Introduction

Hub-and-spoke networks (H-S) appeared as a surprise in aviation markets after the US airline deregulation in 1978 and nowadays this network configuration is adopted by the majority of full service airlines that operate in deregulated markets. During the past two decades several works have studied H-S networks from different perspectives
. Hubbing indices using standard concentration indices have been proposed in the literature to analyze the type of networks that airlines operate
 (Saunders and Shepherd, 1993; Borenstein, 1992; Morrison and Winston, 1995; Reynolds-Feighan, 2001; Ghobrial and Kanafani, 1995, Burghouwt et al., 2003; Cento and Alderighi, 2007). These studies have used Herfindahl indices, Theil entropy measures, Coefficient of Variation and Gini Index to summarise and contrast varying levels of concentration in air transport networks. Reynolds-Feighan (2001) compares and contrasts all of these measures for US airlines and suggests that the Gini index captures a particularly useful set of characteristics of carrier networks.
Measuring how carrier network structures affect several aspects of airlines and airports behaviour with respect to supply and demand decisions has gained the attention of the academic literature in the past. The airline’s network represents its production plan taking into account the optimal use of aircraft and crews, and also its range of products that could be sold in the market. The network structure of airlines determines profit and cost functions among the different routes which are serviced by the carrier. Economies of scope and density associated with hubs increase efficiency to larger ‘hubbing’ carriers under a variety of circumstances (see for example Caves et al., 1984; Keeler and Formby, 1994; and Brueckner and Spiller, 1994). The carrier’s dominance at its hub airports gives rise to two opposite forces. On one hand, airlines can charge higher mark-ups compared to carriers with smaller traffic volumes at these airports as a consequence of product differentiation. This issue has been considered a barrier to entry by new carriers (Borenstein, 1989). On the other hand, passengers enjoy higher flight frequencies in routes to/from the hub, and connectivity in the airport is also greater because traffic is scheduled in banks of incoming and departing flights (Morrison and Winston, 1986). 
Passengers evaluate the generalised travel costs for flying from city A to city B when they compare indirect vs. direct alternatives, so the network structure of the airlines also have an important impact on demand choices. In the recent period, the new entrant low-cost carriers have had a growing impact on fares and market shares at the larger airports and have generally tended to offer point-to-point direct service in contrast to the legacy ‘hubbing’ carriers (Windle and Dresner, 1999
). 
Thus, it is common nowadays to observe the coexistence of different network structures in the airline industry, ranging from pure point-to-point networks (P-P) of low-cost carriers to hub-and-spoke networks of full-service or legacy carriers. These carriers concentrate its network spatially around a small number of hubs, operating in a synchronized way, daily banks of flights through these hubs (Graham, 1995; Reynolds-Feighan, 2000). This synchronization tries to optimise the potential number of connections offered and the quality of these connections.
As we have already mentioned most of the previous studies which have analyzed the structure of airline networks in Europe and the US have considered spatial concentrated networks as equivalents to hub-and-spoke networks. However, Burghouwt et al. (2003) concluded that spatial concentration measures are not suitable for tracing hub-and-spoke developments in Europe. European networks have been the consequence of bilateral air service agreements (ASAs). The ASAs pinned the national flag airlines on their national airports, and a substantial number of services at these airports only provided transfer connections by accident and not by the strategic behaviour of airlines
. A pre-deregulation European airline network is, therefore, not an equivalent to a hub-and-spoke network as long as connection behaviour of passengers is not taken into account. Burghouwt and de Wit (2005) pay attention to the temporal dimension of a hub-and-spoke network, studying the potential connectivity, but the main question to be addressed remains unaltered. Can hub-and-spoke networks be analyzed by spatial concentration indicators or potential connectivity? On the contrary, shouldn’t it be more adequate to use the number of connecting passengers to analyze the hubbing activity of airlines?
As we have seen H-S networks have been widely studied in the literature. Over the years, academics and practitioners have developed a number of measures to analyze the degree of hubbing in transportation networks. It was important in order to understand whether the airlines exploit some economies of hubbing or they extract some economic rents accrued to market power. Hubbing behaviour of airlines is also an interesting topic because knowing the actual routes employed on each market can be essential in some regulation areas regarding code-share agreements or mergers between “apparently” competing airlines. The analysis of hubbing is also important from a dynamic perspective, because airline regulators need to assess whether the passengers have more or less alternatives to fly from a city A to a city B.

However, despite of H-S networks are characterized by the increasing number of connecting passengers because airlines make greater use of hubs and feeder flights, the connecting behaviour in the construction of the indices to measure the network configuration of airlines has been usually neglected in the past. In this paper, we show that this is a common pitfall committed in the past, so the use of standard concentration indices without analyzing the connecting behaviour of passenger should be avoided. In this paper, we also propose a new methodology to measure the hubbing behaviour of airlines taking into account two different dimensions: the number of connecting passengers and how these passengers are funnelled out through the number of hubs taking also into consideration the number of alternatives (routes) in order to analyze multi-hub routes. We compare the results of our new methodology with the standard Gini index which has been used extensively in the past to measure the hubbing degree of airlines for a group of US airlines. We conclude that standard spatial concentration indices are not appropriate to study the degree of airlines’ hubbing. 

The rest of the paper is organized as follows. Section 2 presents the theoretical background. In Section 3, a brief review about Gini Index is presented. Section 4 develops a new methodology to measure the degree of airlines’ hubbing through what we call the Hubbing Concentration Index (HCI). Section 5 presents an empirical exercise for U.S. carriers in which we compare the results of our new methodology with the ones obtained by the ill-defined spatial concentration index. Section 6 concludes. 

2 Theoretical Background

Airlines are firms which produce multiple origin/destination markets. In fact, its output is usually expressed by a matrix (origin and destination O/D matrix) with two (three) dimensions (Eq. 2.1), being o the city of origin and d the final destination of the whole journey. In this way, carriers operate between a selected set of places, where every ordered pair of cities O/D with at least one seat supplied/demanded at a certain time frame constitutes a market for air transportation. 
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Starting from these demand figures, airlines need to make some strategic decisions in order to maximize profits, such as the selection of the optimal network which allows passengers to be carried on non-stop flights, or routed via intermediate hubs. So, airline managers need to evaluate the profit implications of carrying a given number of passengers between city-pair O/D, either via hub airports or on a non-stop routing. This choice makes the global network structure to a position near a pure H-S network, in which all the passengers need to connect in some hub, or a pure point-to-point (P-P) networks which are characterized by the lack of connecting passengers. 
What has been observed in the industry is that full-service carriers use a network configuration which resembles H-S network to increase traffic volumes and the number of cities. On the other hand, low cost carriers (LCCs) offer point-to-point flights without any consideration for connecting passengers between their own flights, or from their own to those of other airlines. 
The results of hubbing practices, under cost complementarities and further network effects, have been commonly mirrored as “spatial concentration” processes. However, we affirm that spatial concentration (SC) is a necessary [but not sufficient] condition for hubbing (H), as some degree of concentration is desirable in order to exploit the “economies of hubbing”. However, as we show later, the merely existence of SC does not guarantee the existence of hubbing practices, and it is possible to observe very different patterns of connecting passengers for airlines with similar spatial concentration indexes. In fact, most of the previous literature has failed studying the relationship that exists between these related concepts by understanding that both concepts are the same.
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A key feature of increasingly liberalised air transport markets has been the appearance of the H-S network model of full service carriers. The theoretical advantages of these networks are based on the organization of the flight banks at hub airports which facilitates a given number of potential connections and satisfies that the connections are made with some standards of minimum connecting time. The number and quality of these connections can be enhanced by concentrating the flight schedules in time. Normally, the airline adopts a wave-system structure in banks of incoming and outgoing flights. The timing of the banks basically depends on the number of flights that can be interconnected, the capacity of the airport and the quality of the connections. The network structure of the airline, thus, can be represented by all the sectors offered in a given period of time in order to satisfy demand requirements. Thus, it can be formally expressed as a matrix of three dimensions (flight stage matrix - F/S), being i and j the cities of departure and landing of every individual segment, and t the time of the departure.
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Origin/destination (O/D) passenger markets can be carried on non-stop flights, or routed via intermediate hubs. At these hubs, passengers either stay on the same aircraft and continue to their destination after a stopover (transiting), or transfer from one aircraft to another using the terminal building. The latter is the more common way that hub carriers use to combine a number of O/D markets across their network. In this paper, we do not consider any distinction between transit and connecting passengers. Thus, we can describe the market (a,b), analyzing the number of passengers that do not connect vs. the number of passengers that make some connection at a hub airport “c”. Then the connecting behaviour in this market can be analyzed using all the information of the O/D and F/S matrices as follows
:
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The (s are very important coefficients which can be used to calculate the share of every connecting alternative used by passengers on the left-hand-side market. Hence, we affirm that, the adequate measurement of connecting behavior and hubbing practices of airlines lies on the knowledge (or correct estimation) of coefficients s for each market (using information contained in both matrices [n]-[q]).
Now, our main task is to find a function I((), which can be used to analyze the network structure of the airlines and classify them according to the degree of similarity to which their networks and their connecting schemes resemble an extreme H-S network
, where all passengers connect in a single city (star H-S network) or P-P network (absence of connecting passengers). 

3 The GINI Index

In this section, we review the current methodologies which have been used in the past to analyze the network structure of airlines. Within the group of spatial concentration indicators, the Gini index (GI) has taken a predominant role. The Gini methodology was introduced in air transport analysis by Reynolds-Feighan (1998, 2001) for the measurement of spatial or market concentration in airline networks. 

According to Reynolds-Feighan, the hub-and-spoke network requires a concentration of air traffic in both space and time. Hence, the network configuration is defined as the level of spatial and temporal concentration of traffic flows in a given network. The focus of the previous studies was therefore on the spatial concentration of the airline network. To measure the level of spatial concentration of a network, different concentration measures can be used, such as the coefficient of variance, the Herfindahl-index, Theil’s entropy measure, the C4-firm concentration ratio or the Gini-index. Reynolds-Feighan suggests the Gini-index as the most appropriate concentration measure for airline or airport networks. 

It is a common measure of inequality between traffic shares (si) of each airport inside the network of the airline. Theoretically, GI can vary from 0 to 1. However, the last figure can never be reached because a carrier can never concentrate more than 50 percent of the passengers at any airport. Thus, the maximum value that GI (GImax) can reach depends on the network size of the airline, and is represented by a situation in which all traffic is concentrated in a single segment between two cities, and the rest of the cities of the network are not serviced by the airline
.
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This dependence makes very difficult to compare large and small carriers. In order to solve this problem, a normalized Gini index or a corrected version (NG) has been proposed by normalizing the actual GI by the GImax corresponding to the carriers’ size. Thus, a NG value of 0 does represent an equally distributed network, where all airports have the same traffic share, and it is used to define a non-concentrated point-to-point structure. On the other hand, a value close to 1 does represent unequally distributed flows, where a few airports concentrate the majority of the whole traffic, and it has been used to define a very-concentrated hub-and-spoke network. Burghouwt et al. (2003) proposed NG as a way to correct for the size of the airline network (number of airports) when measuring network configuration of airlines. They define the level of NG as the quotient of both measures GI and GImax, respectively. They argue that in contrast to the use of the standard GI, NG index makes it possible to compare the spatial structure of airline networks independent from network size.

However, as we discuss below, these indicators should not be used to extract any conclusion regarding the network configuration of airlines because very different network configurations have equal spatial concentration indices or inequality values. In Martín and Voltes-Dorta (2006), we provide a comprehensive review of all the potential problems that are associated with the use of this type of indicators. These results are summarized below.
· Each concentration value does not represent a single routing network structure, i.e. each value of the GI could theoretically represents an infinite number of different connecting schemes, and hence of different hubbing structures, in spite of being calculated from a single vector of traffic shares (s). Additional problem exist because each market shares vector (Si) can be originated from many different network matrices [n]
, and additionally, each [n] could also represent an infinite number of output matrixes [q]
. Hence, as we empirically show below spatial concentration indicators are not very reliable in terms of analyzing the hubbing behaviour of airlines, as long as the same value could represent either a pure P-P network or an extreme H-S network.
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4 Methodology: A new proposal to measure the hubbing behaviour of airlines
In this section, we eventually propose a new method which overcomes all the problems associated with the use of spatial concentration indices. Our new method is based on two different dimensions, first we measure the number of passengers which make some onward connection to get the final destination; and second we analyze how the passengers which connect are funnelled through the hubs
 of the network measuring the concentration of the hubbing and routing. Thus, it is possible to find an airline with a single airport which concentrates a high share of passengers and it should not be considered as a “hub” but as a mere “technical base”. On the other hand, when the proportion of passengers making an onward connection is near 1, this result will be interpreted as an important share of connecting passengers, and the network structure of the airline is close to the one characterized by H-S networks. This result will rarely correspond to a non-concentrated structure
, emphasizing the concept of spatial concentration as a necessary [but not sufficient] condition for the existence of H-S networks. For this reason, high spatial concentrated networks have been considered as H-S networks, and in fact if there is no evidence of connecting passengers in the routes of the airlines, this should not be the case.
In the definition of our new indicator, first of all, we start with a measure to study the hubbing behaviour at each of the markets of the airline. This is analyzed as follows:
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                                   (4.1)
The RHS of the equation is conformed by two different elements which account for the percentage of passengers who connect in a single market, and then this figure is weighted according to some measure of concentration regarding all the possible ways to fly from city A to city B. In this way, it allows us isolating and despising the concentration effect of those routes which are not directly serviced. 
In comparison with the standard concentration indices, our index is more demanding on information necessities. However, its starting point is the same network/Flight Stage (FS) matrix and its corresponding graph. In order to discuss how our new proposal requires the routing information, not only aggregated as the F/S matrix (n) or the O/D matrix (q), we propose to use the simple network of an airline represented by the Figure 1.
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Figure 1. Graph of example 1.
Then, let us suppose that we have the information of the O/D matrix (q) 
 which indicates the number of passengers served. As we have previously explained the passengers can fly directly or make some connection. However, our new index requires the complete knowledge or estimation of the whole routing structure.

In the simple case of the example 1, it can be seen that the graph of the F/S matrix can represent two different situations: H-S and P-P networks. Table 1 shows the F/S matrix which is the same for both structures and the O/D matrices.

	Table 1. F/S and O/D matrices of the network of example 1

	F/S matrix
	O/D matrix H-S network
	O/D matrix P-P network

	Pair
	a
	b
	c
	d
	Pair
	a
	b
	c
	d
	Pair
	a
	b
	c
	d

	a
	0
	1
	1
	1
	a
	0
	0
	0
	0
	a
	0
	1
	1
	1

	b
	1
	0
	0
	0
	b
	0
	0
	1
	1
	b
	1
	0
	0
	0

	c
	1
	0
	0
	0
	c
	0
	1
	0
	1
	c
	1
	0
	0
	0

	d
	1
	0
	0
	0
	d
	0
	1
	1
	0
	d
	1
	0
	0
	0


Thus, it can be seen that the knowledge of the aggregate matrices F/S and O/D is not very helpful in order to determine the degree of hubbing of the airlines. Veldhuis (1997), in his analysis of the competitive position of airline networks, points out that the discussion of hubbing is equally hampered by inadequate statistics. This inadequacy comes from the fact that little is known about the routes actually flown by passengers. However, such level of information is really necessary in order to have a complete description of the passengers’ connecting behaviour. 
So summing up, by construction, our index consists in analysing every market independently, taking into account:

1. The proportion of passengers who travel directly (without any connection) should be identified and eliminated in order to conduct the analysis within the group of passengers that connect. So, the share of passengers who connect in each of the markets is obtained and identified.

2. Then, all different connecting alternatives used by the passengers in each of the markets need to be identified and quantified in importance using some measure that reflects the level of importance of connecting passengers who have chosen an intermediate city to connect.
3. Finally, once we have isolated the grade of importance of connecting passengers (hubbing behaviour), we also need to take into account the grade of concentration that may exist for the different ways (different hubs) to fly from city A to city B. So, the grade of concentration of the hubbing behaviour is going to play an important role in the construction of our index because:
3.1 If there exists a unique connecting alternative (unique hub), the grade of concentration is 1. This situation represents the highest level of concentration that any market can reach as long as all its connecting passengers are funnelled through a single city.
3.2 The grade of concentration should decrease with every new hub alternative and should be proportional to the level of importance of this route.

3.3 Its limit is 0 if there is a large number (infinite) of hub alternatives. In this case, even with 100% of connecting passengers in the market, the level of importance of the hubbing behaviour will collapse to 0 because there are an infinite number of possible different routes breaking into pieces the existing economies of hubbing. For this unrealistic case, hubbing would not imply spatial concentration. 
3.4 In the same line, traffic shifts should be more penalized if coming from the most concentrated nodes.
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So having in mind all the commented premises, we propose for simplicity the Hirschmann-Herfindahl Index as a weighting factor through all the possible ways to fly from city A to city B:
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Finally, the carrier’s HCI index is calculated as the weighted average of the Hubbing (H) values for each market according to its level of importance using some traffic measure (qij) over the carrier’s total (Q) traffic.
So, in summary our proposal includes two different terms, which measures the importance of hubbing behaviour (connecting passengers) for each market; and the second term measures the importance of concentration of each of the hubs that appear in each connecting route of the airline
. For this, we have named our indicator as the hubbing-concentration index. This index measures the ratio of passengers that connects in each of the “equivalent” number of hubs that facilitate a connection. 
Just for the sake of exposition, the next sections provide some numerical examples which include some extensions to routes with multi-hub airports.

4.1 Numerical example.
Let us suppose that there are 100 passengers who travelled from A to B. Additionally, we know that, 50 of them travelled directly, 30 connect through “c”, and 20 through “d”, see the central graph of Figure 2. Our new hubbing concentration index, then, establishes the absolute value of 0,5 as the maximum level of hubbing that this single market can reach. However, as long as the existence of multiple ways to connect has a negative impact on the hubbing behaviour, this last figure must be weighted by the HH concentration indicator for the possible ways to connect.
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Figure 2. Hubbing Concentration Indices (HCI) for different connecting schemes.
Top values show the correspondent share of each connecting node within the whole connecting routes. As we see, the left structure has the higher level of concentration as long as all connecting traffic is funnelled through a single city “c”, so its HH value is 1 and the hubbing concentration index (HCI) reaches its maximum value, which is equal to the overall connecting share=0.5. Other possible way to interpret the index is that 50 passengers connect in a single hub. The other two situations, in spite of having the same proportion of connecting passengers, are characterized by a less concentrated structure, reducing their hubbing values as new alternatives arise. In the figures to the right, we could also interpret them as 26 (22) passengers who connect in each of the “1.92 (2.27)” equivalent hub airports that serves as a switching point in the market. Thus, our index can be used to estimate the size of the hubs regarding the connecting passengers and the number of “equivalent hub airports”.
As long as the overall indicator is calculated as a weighted measure, its value is absolutely independent of network size, and therefore could be properly used to make comparisons between different carriers independently of its size. Now, let us return to the network of the airline of the example 1 in order to make some comparisons between our new methodology (HCI) and other standard indicators that have been applied in the past to study the hubbing behaviour in the airline industry (Table 2). 

Table 2. Network Indicators


[image: image10.emf]  H - S  Network  

P - P  Network  

HCI   1   0  

NG   0,5   0,5  

Theil - Index   0,14   0,14  

V C   0,58   0,58  

Indicator  


Table 2 presents the results and it can be seen that our method separates correctly the network configurations of the H-S and P-P networks. However, as we have been discussing, other standard concentration indicators remain constant. Of course, this is only a counter example of how these indicators (Normalized Gini, Theil-index and Coefficient of Variation) are ill defined to study hubbing-concentration structures of airlines
. However, as we show later our new methodology is even more adequate to compare the hubbing behaviour of airline in other intermediate real world situations. And, of course, it is in the real world, where rational travellers are willing to spend much more time flying
 if they are adequately compensated via fare reductions. Our empirical exercise with real data also shows that we need to consider the possibilities to connect in two or more cities, which is not included in the previous example. For this reason, the following section proposes an extension for this indicator considering this type of situations.
4.2 Multi-hub extension.
As we have repeatedly expressed the analysis of hubbing in airlines networks is usually hampered by the lack of adequate data. Our new methodology requires information on the actual routes flown by passengers. Airline statistics, however, contain information on the individual legs of a given trip rather than on the trip as a whole. This informational problem is even exacerbated when the whole trip involves more than one hub airport, i.e. when the trip involves more than three legs or segments. In this case, we need to make an extension of our index in order to capture the twofold effect separating the airport’s hub and route function. Thus, we consider that when a passenger flies from city A to city B via two different hubs, then our HCI will decrease accordingly. 
HCI is an index which measures the proportion of passengers who connect in each of the “x” equivalent hub airports that serves as a switching point in the market. Thus, we will extent this concept to the double dimension of hub-airports and routes. The indices are proposed to determine whether some network configuration is more or less concentrated regarding the same level of hubbing is a matter of what researchers are trying to measure with the methodology. In this case, we propose to extent our methodology considering the different role that hub airports and routes present in multi-hub connections. For this reason, we propose to calculate HH index for each single dimension (hubs and routes), and then, we obtain the average of these two dimensions
. It can easily be shown that this is an extension of the index explained before because in single-hub airports both dimensions coincide. Thus, HCI is obtained as follows:
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This extension considering multi-hub routes could be used to analyze whether the market power of airports over airlines is lessened in this case in comparison with one single hub airport. Another issue which emerges from this extension is that not every connecting passenger has the same incidence on hubbing practices of airlines, so we differentiate between concentration in cities and routes, and assume that these two dimensions are complementary.

The main intuition to extent our methodology this way is that a routing structure which is concentrated both in cities and in routes allows the carrier to increase traffic density in each of the legs
, increase load factors and to better exploit its economies of traffic density through a higher degree of hubbing.
Figure 3 shows the procedure to calculate HCI in the case of the presence of multi-hub routes. The process is quite simple, and it is based on the proper decomposition of the routes scheme by simply distributing the share
 of the multi-hub routes between the airports involved in it. The explanation for this point relates clearly to the above mentioned complementarities between both dimensions (routes and airports), as some high dispersion in routes could be corrected by a lower number of hubs. The following example shows how to calculate the multi-hub hubbing concentration index as the average of the HH indices calculated over routes and airports.
(Cab=0.5)  Hab=0.22
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Figure 3. HCI. Multi-hub extension.
In summary, our HCI will only be 1 if all the passengers connect in some airport and all the markets are served through a unique hub, and therefore, through a unique route. Of course, this unique hub for every market could not be the same city, but there is not need to care about that because in the real world market conditions will prevail (profit maximization, cost minimization and economies of hubbing), leading to the optimal level of spatial concentration through a small number of hubs in the selection of the network structure. We highlight that this last condition allows us to developing this index unambiguously by assuming that “spatial concentration” is a necessary condition for hubbing.
5 An Empirical Application: The Case Of The Us Domestic Carriers

In this section, we apply our new hubbing measure (HCI) to analyze the hubbing structure of a representative set of U.S. carriers in their domestic markets. In order to analyze potential differences between different airlines, both national and regional airlines have been included. The database has been obtained from the "Origin and Destination Survey" database from the BTS (Bureau of Transportation Statistics), which includes a 10% sample of all tickets sold in the first quarter of 2005 in the US for the reporting carriers
. Data includes origin, destination and other itinerary details of passengers transported which are important to our purpose such as, the intermediate stops. We also calculate the normalized Gini index in order to compare the performance of both methodologies. We have compared our methodology with Gini indicators because this methodology has been extensively used in the past in air transport analysis for the measurement of spatial or market concentration in airline networks.
Results show that Gini Index consistently overestimates the hubbing degree by confounding spatial concentration as hubbing-concentration, where non-connecting passengers at big airports increase the figures artificially. Besides, we realise that a higher share of connections is usually complemented by a higher level of spatial concentration
. It seems that most of the airlines that exploit H-S networks do not allow passengers to have many different choices to reach their destinations. Thus, these airlines present “normal” levels of hubbing concentration, and for this reason this component has a very low impact in modifying the ranking established by the overall connecting shares
. However, we think that it is necessary to incorporate the weighting component because, first these indices are theoretically more consistent; and second, market conditions and hubbing practices could evolve and change this result in the future.

This last statement can be easily verified analyzing the Spearman’s Rank Correlation Test
 of both methods. In this sense, we obtain a figure of 0.975 that indicates that the connecting share index and the HCI are almost perfect positively correlated. Nevertheless, once reached a clear definition of “hubbing” and its dimensions, we expect that HCI could also be used as a measure to further investigate the importance of traffic through each of the equivalent “hub-route” for each airline. Thus, the dynamic evolution of HCI and HH could be used to analyze if airlines are concentrating more or less traffic, and whether this concentration presents an impact on unitary costs of airlines. 

Table 3. HCI and NG indices.
	Carrier Name
	Code
	Points Served
	OD Passengers
	FS Passengers
	Connecting Share
	Normalized Gini
	HCI

	American Airlines
	AA
	171
	1.405.158
	1.909.995
	0,342
	0,798
	0,265

	Aloha Airlines
	AQ
	17
	79.736
	84.819
	0,061
	0,821
	0,052

	Alaska Airlines
	AS
	160
	308.022
	367.177
	0,177
	0,898
	0,141

	JetBlue Airways
	B6
	27
	304.488
	321.066
	0,054
	0,675
	0,052

	Continental Airlines
	CO
	242
	693.092
	920.872
	0,313
	0,854
	0,254

	Independence Air
	DH
	43
	96.017
	128.007
	0,332
	0,620
	0,329

	Delta Airlines
	DL
	227
	1.606.523
	2.421.996
	0,479
	0,811
	0,342

	Frontier Airlines
	F9
	75
	130.806
	165.900
	0,267
	0,800
	0,263

	Airtran Airways
	FL
	44
	261.684
	345.015
	0,317
	0,582
	0,297

	Allegian Air
	G4
	15
	16.782
	16.786
	0
	0,458
	0

	Hawaiian Airlines
	HA
	44
	94.738
	112.722
	0,182
	0,920
	0,168

	America West Airlines
	HP
	91
	411.558
	550.008
	0,327
	0,770
	0,253

	North American Airlines
	NA
	7
	1.941
	1.953
	0,006
	0,724
	0,006

	Spirit Airlines
	NK
	16
	117.629
	117.762
	0,001
	0,538
	0,001

	North West Airlines
	NW
	261
	807.474
	1.207.842
	0,464
	0,835
	0,349

	Sun Country Airlines
	SY
	38
	38.321
	38.330
	0
	0,824
	0

	ATA Airlines
	TZ
	72
	124.713
	142.123
	0,138
	0,850
	0,119

	United Airlines
	UA
	217
	1.075.049
	1.569.613
	0,424
	0,831
	0,308

	US Airways
	US
	196
	765.707
	1.112.326
	0,439
	0,845
	0,298

	Southwest Airlines
	WN
	76
	1.589.317
	1.811.257
	0,137
	0,612
	0,096

	Casino Express
	XP
	85
	2.180
	2.180
	0
	0,619
	0

	Midwest Airlines
	YX
	49
	75.556
	79.276
	0,169
	0,703
	0,167


Results are presented in the Table 3. It can be seen that NG indices are really ill-defined to measure the hubbing structure of airlines because:

· NG indices tend to overestimate the hubbing behaviour of airlines because one half of the sample lies in the interval [0.8-0.9].

· Up to five carriers among those of lower HCI (with less than 5 percent of connecting passengers) could be wrongly labelled as hubbing airlines according to their NG (greater than 0.6 in all the cases). 

· Another five carriers with less than a 0.7 percent of connecting passengers (P-P carriers) present NG indices that vary from 0.45 to 0.82. So again, it can be seen that NG indices could misguide the conclusion about the hubbing structure of an airline.

· According to the NG index, Aloha Airlines and Delta Airlines should be included in the same subset with respect to its hubbing behaviour. As shown in Martín and Voltes-Dorta (2006), the only thing Delta and Aloha share in common is a very high level of concentration, wherefrom any serious conclusion about hubbing cannnot be made.
Regarding NG as an ordinal measure, a more effective way to show all the key points that have been aforementioned is to plot each carrier using both indicators (Figure 2). It is not strange to realise that both rank orderings (NG and HCI) are not necessarily correlated. As before, we use Spearman’s Rank Correlation test, and it yields about 0.35. Thus, there is not any strong positive correlation between both methodologies, revealing definitely the inappropriateness of these standard spatial indicators which have been used in the past. Thus, if we try to measure the hubbing behaviour of airlines by studying it through “standard spatial concentration” indices, the results and conclusions can be wrong and it is recommended to use measures as the one proposed here or the share of connecting passengers which was proposed by Kanafani and Ghobrial.
Figure 4. Hubbing concentration index vs Normalized Gini
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6 Conclusions 

We have seen that among many different problems which exist to measure the hubbing degree of the networks of airlines, lack of adequate data is probably the most important and crucial. Airline statistics do not usually provide enough disaggregate information of the complete trip in order to know all the legs flown by passengers. For this reason, most of the studies rely heavily on standard spatial concentration indices, such as Gini index, to analyze network configurations of airlines.

However, we have shown some important evidence about the inappropriateness of standard spatial concentration indicators in measuring “hubbing” behaviour of airlines, by developing a proper methodology to compare its results. Our HCI index takes into consideration the connection behaviour of passengers, and as long as cost conditions impose some geographical concentration, we should weight the hubbing behaviour of airlines by its own concentration. For this reason, we have measured the quality of airline-hubbing considering two different dimensions (routes and airports).

Nevertheless, this index focuses on the spatial dimension of hubbing, leaving aside further temporal considerations. Existing literature provides, however, very good connectivity indicators, in order to complement these spatial results and assess a more complex analysis on hubbing practices. 
One of the core aspects of what has been written in the past about hubbing is how the network configuration of airlines affect costs. In fact, some researchers argue that if two airlines have the same F/S matrices there is not any empirical evidence to be inclined in thinking that the airlines present some cost advantages if one has more hubbing than the other. However, this is an assumption which needs to be empirically tested.
However, in some hub airports the costs associated with luggage handling for connecting passengers are very different. In fact, Easyjet in Europe does not check your luggage to the final destination when passengers are making some connection at a hub airport; obliging passengers to take the luggage and check it again in the hub airport. Some operational procedures for hubbing airlines are more critical in terms of waves-in and waves-out than for p-p airlines, so costs associated to missing connections need also to be contemplated. 

Besides, from the demand side it is clear that the products (markets) are non-homogenous. For this reason, the profit function for these two airlines can also be different. The disutility for having connections is something that yield management units of airlines know very well. See also our example (Table 1). O/D matrices are different, so the products (markets) are not homogenous.

In summary, airlines decide their network configuration seeking the profit maximization and it is well known that hubbing-concentration affects this objective function (see the introduction). As we have shown, standard spatial concentration indices (Gini) present many shortcomings analyzing the network configurations. For this reason, we introduce a new methodology which corrects the problems associated with the use of the previous measures. Our new methodology extends the one proposed by Kanafani and Ghobrial (connecting passengers), considering also the concentration of these passengers regarding two different roles: hub-airports and routes. 

Anyway this is a topic subject to much debate and it is necessary to test it empirically. However, we would like to see the application of our indices in the models that analyze the costs of the airlines or other issues such as regulation, fortress-hub airports, mergers and share-code agreements. 
Our method can also be applied to analyze actual connecting practices of airline industry taking into account interline routes (intra or inter alliance). In this case, every F/S matrix could serve or complement a market of another carrier. The problems commented about the lack of adequate data would be exacerbated now. However, further research in this topic is necessary to analyze a global hubbing index at least at a global alliance level. 
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� See, for example, O'Kelly and Miller (1994), Campbell (1994), Toh and Higgins (1985), McShane and Windle (1989), Hansen (1990), Oum et al. (1995), Hong and Harker (1992), Adler (2001) and Martin and Roman (2003, 2004)


� Other authors have used some kind of geographical measures of network structure which capture elements of the spatial configuration of individual airline networks. In this group of studies, we can include the use of temporal connectivity indicators proposed by Veldhuis (1997) and Burghouwt et al. (2003). 


� The authors found that Delta lowered its fares on competitive routes terminating in Atlanta and on routes flowing through its Atlanta hub in response to competition by ValuJet. However, they did not find evidence that Delta increased fares on non-competitive routes (either those terminating in Atlanta or flowing through Atlanta) to compensate for lost revenues on the competitive routes. This final result shows empirical evidence about the fact supporting the argument that airlines practice rational economic pricing in their hub-and-spoke networks.


� In the US, another good example is Southwest Airlines. In this case, the own company claims not to be a hub-and-spoke carrier, and in fact it does not sell connecting tickets but still has a number of airports where it concentrates traffic (e.g. Chicago Midway, Las Vegas and Baltimore/Washington International).


� Note that i and j has not necessarily the same meaning as the previous O/D from the output matrix.


� Note that this expression should be increased as the number of possible ways to connect cities a and b increases.


� Have in mind that this structure is only presented from a theoretical point of view, and for this reason the “extreme” prefix is needed. Because everyone travel through a “desert” hub but none wants to stay. As noted, the existing literature establishes that any “real world” hub city should also attract and generate a very important share of traffic. In practice, the route structures of full service carriers exhibit a mixture of both organization forms, with direct connections between major airports and a hub-and-spoke routes to ensure that every spoke airport is adequately connected to the overall network.


� This is an unrealistic situation because it is necessary to include some zero-traffic airports inside the network. This maximum value represents the greatest inequality in a situation where the whole traffic of the airline is equally distributed between two airports, and the rest of the airports included in the network do not receive any traffic at all. Here, we highlight that GI was first introduced to study income distributions, and in income analysis researchers do require that all zero-income people be included in the sample. However, this situation can not be easily generalized to our case, because it is difficult to argument that any zero-traffic node belongs to a network. In fact, as we see below the vagueness of the figures obtained by the application of normalized Gini indices should be avoided by lack of representativeness. 





� The calculation of the vector of traffic shares (si) could be easily represented by a system of equations, with so many equations as nodes (n), and so many unknowns ((n/2)x(n-1)) as links (representing traffic densities in each direct sector). The solution of this system, for n>3, becomes undetermined.


� Expressing eq. 2.3 inversely, those seats offered in each sector serve not only the direct market but also any other markets which need that sector to complete the routes. The system of equations considering all markets will also have infinite solutions as we can not obtain a single [q] explained by a single [n]
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� Fotheringham and O’Kelly (1989) defined a hub as a “type of facility located in a network in such a manner so as to provide a switching point for flows between other interacting nodes” (p.171). 


� A classical problem in airline management is to find the number of optimal hubs in a network and where to locate the hubs in the network, assuming that non-hub routes disappear. However, as we see below, this assumption is really restrictive because in all the cases analyzed in the real world, there is an important number of passengers that travel without connections. In fact, it is an empirical exercise to see whether airlines are interested or not in adding more hubs to their networks. Some carriers, in the past, have abandoned previous hubs, and our new indicator should reflect this behaviour. Another potential use of our indicator is to analyze the economies associated to hubbing practices in all the cost studies. 


� The use of gravity models could help in obtaining an estimation of the output matrix [q].


� For this first example, we suppose a maximum of one connection to reach the final destination.


� It is well known that the Hirschmann-Herfindahl Index (HHI) ranges from 1/N to one, where N is the number of hubs in the market. This minimum situation corresponds to the case in which all the hub airports are used in the market uniformly. Equivalently, the index decreases when a large number of hub airports coexist and there is not any dominant airport. When all the airports have an equal share, then the reciprocal of this component of the index shows the number of airports in the market. When airports have unequal traffic shares, the reciprocal of the index indicates the "equivalent" number of hubs in the market. 





� As we have mentioned this is a simple example just to clarify why the use of spatial concentration indices using aggregate information are ill-defined when they are used to analyze the network configurations of airlines. It is so simple that it is difficult to see any difference between both networks if we only consider the airlines costs for flying these networks. However, in real world networks are more complex and when hubbing activity increases in some hub-airports, then it also produces an increase in operational costs for the airline because the operational waves create peak times in the hubs and, consequently, congestion with possible delays, including missing connections. Of course, this is out of the scope of this paper, but it is well known that economies of hubbing can be exhausted above a threshold figure. However, this simple example can also be used to remark that the products (markets) are very different. It is enough to look again at Table 1 where the O/D matrices are shown. In this case, it is not difficult to argue that the revenues can be very different because in one case the markets are served directly, and in the other, the passengers enjoy a lower-quality service because they would normally prefer direct flights. 


� In fact, there is an important trade-off between the reductions of schedule delays against an increasing in flying time and the disutility associated to stop in intermediate hubs.


� Any other weighted average could also be proposed when researchers need to put emphasis in one of the roles, i.e. airport hubs or routes. 


� Multi hub routes artificially generate more traffic in terms of flight stage passengers, but at least all of them are consolidated together into each hub during the whole journey. This new methodology can be used in the analysis of economies associated to hubbing practices. This is one of the objectives which authors have in mind when they develop this index. Of course, this is out of the scope of the present paper. 


� This section pretends only to propose the basis of an adequate extension. However, some details like the election of HH index, the use of average values or the uniform distribution of multi-hub shares can be considered as arbitrary. They are justified by reasons of simplicity, and as all of them fit properly well into the assumptions that have been made to construct this indicator.


� It seems to be the perfect database for this study; however, we think that this kind of information should be complemented with direct information provided by the passengers. The final consideration of an airport as a hub is always a final decision made by the passengers who, very often, make their own connections by purchasing tickets from different carriers, assuming very uncomfortable connecting times to not risk their whole journeys because of unexpected delays. Thus, some connecting behaviour of this very common type of passenger is not registered by any carrier. Some airports make their own statistics to control this type of behaviour. 


� It is out of the scope of this paper, but nowadays carriers have restructured their networks, shrieking down the number of ways to get to city B from city A using less routes and hubs. 


� These indices were proposed by Ghobrial and Kanafani (1995), but they have not been used, to our knowledge, in the analysis of airlines networks. 


� Spearman's Rank Correlation� is a technique used to test the direction and strength of the relationship between two variables, where d represents all single deviations between two different rank orderings.
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