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1. INTRODUCTION

For more than twenty years now the airline industry has been analyzed with the help of empirical estimations of cost functions using aggregate descriptions of output. Along this effort there have been many improvements, particularly in the econometric methods and richness of data. Most of the discussion on industry structure has been done using two concepts: economies of density (RTD) and economies of scale (RTS). While the former deals with output growth keeping network size (and route structure) constant, the latter includes the variation of network size. Using these concepts, potential cost savings arising from output and/or network growth have been studied. 

In spite of the seemingly clear definition of both RTD and RTS as scale concepts, both indices - defined in terms of aggregated output descriptions - have been subject to some interpretation and discussion. Despite this, they constitute the main elements to perform industry structure analysis in air transport. In the last ten years, however, our research team has re-analyzed their definition and application in the literature, using the detailed description of product as the point of departure. As a result of a rigorous analytical development, we have concluded that RTD has to be calculated making some corrections on the aggregate output cost elasticities (Jara-Díaz and Cortés, 1996). In addition, as RTD implicitly assumes route structure constant, a related but more general concept has to be used, namely the multiproduct degree of economies of scale, S (Basso and Jara-Díaz, 2006a). Regarding RTS, we have shown in various ways that it is inadequate to study what it is intended for, namely the important issue of network size (Basso and Jara-Díaz, 2006b). To deal with it, we have designed an approach to calculate what we have called economies of spatial scope, SC (Basso and Jara-Díaz, 2005). We concluded that RTD and RTS should be replaced by these three concepts.

In this paper we summarize the results obtained by applying the new procedures and concepts to those published studies in air transport that provide enough information to re-calculate the indices, covering from 1984 to 2001. While making very explicit the assumptions and approximations needed, we have calculated the corrected values for RTD, the (new) values of S and the (new) values of SC. As a general result, we obtained that the corrected RTD are usually smaller than the published ones, which in turn are always somewhat smaller than S. Various (related) types of positive SC are detected: network size, trunk-local services, and domestic-international markets. We conclude that the observed changes and trends in the airline industry are better explained with the new indices.

2. FROM RTD AND RTS TO MULTIOUTPUT SCALE AND SCOPE.

The output of a transport firm is a vector of flows between many origins-destination pairs, of the form
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, disaggregated by the type of cargo k and period t (Jara-Díaz, 1982). If we keep only the spatial dimension of output, transport product is a vector of components yij. In order to produce a flow vector Y, the firm has to take a number of decisions: number and capacity of vehicles, design of ways and terminals, frequencies, and so on. As transport takes place on a network, the firm also has also to choose a service structure –the generic way in which vehicles visit the nodes in order to produce the flows– and a link sequence. Together, these two endogenous decisions define a route structure, which is to be chosen based on exogenous information, namely the OD structure of demand (defined by vector Y), and the physical network (Jara-Díaz and Basso, 2003). 

Conceptually, the transformation of inputs X into outputs Y –in this case flows– may be represented through a transformation function 
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, where equality represents an efficient use of inputs. The multioutput degree of economies of scale, S, is defined as the maximal equiproportional expansion of Y, λsY, that is possible after an equiproportional expansion of X to λX (Panzar and Willig, 1977). Analytically,
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, such that a value of S larger, equal or smaller than 1 implies increasing, constant or decreasing returns to scale respectively. Hence, what is relevant in scale analysis is the optimal combination of inputs when all components of the output vector increase by the same proportion. Under some simple regularity conditions, S can be calculated from the cost function C(w,Y), which represents the minimum expenditure necessary to produce Y at input prices w. In particular, increasing returns to scale imply that an equiproportional expansion of Y will induce a less than proportional increase in cost. In general, and omitting input prices for notational simplicity, S can be calculated from C as,
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where (i is the elasticity of C with respect to the i-th output. Applying this to the case of transport, the degree of economies of scale will depend on the operational re-organization that the firm may achieve, after proportional increases of the flow vector. 

On the other hand, economies of scope exist if 


[image: image5.wmf]()()()

0

()

ABD

AB

D

CYCYCY

SCSC

CY

+-

==>

           .                                  (2)

D is the set of all outputs, A(B=D and A(B=( (i.e. A and B are an orthogonal partition of D). YA is vector YD but with yi = 0, ( i ( A ( D; YB is defined analogously. Therefore, a negative value for SCA indicates that it is cheaper to have a second firm producing YB, rather than to expand the production line of a firm already producing YA. If SCA is positive, then it is cheaper that a single firm produces everything (YD). It is easy to verify that SC should lie in the [-1;1] interval.

Since the output in transport is a vector of OD flows, serving new OD pairs necessarily implies an expansion of the line of production. Therefore, in transport, economies of spatial scope are analyzed in a context in which the size of the network –understood as the OD structure– changes. This does not happen with S. Hence, SC enables to examine whether it is cost convenient that a firm A, who serves PSA nodes and potentially 
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  new flows–, or if it is more cost convenient that other firm does it. 
The large size that the output vector Y achieves in practice precludes its direct use in empirical work. It is a necessity, then, to estimate cost functions using aggregate output descriptions, 
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, which represents outputs and attributes such as ton-kilometers, seat-kilometers, average distance or load factor. When a network size variable N, usually the number of points served PS, is included in the estimation, empirical studies of air transport distinguish between two concepts of ‘scale’: returns to density (RTD) and returns to scale (RTS). In the former it is assumed that the network is fixed when output increases; it is said that traffic density increases. In the latter, though, both output and network size increase, keeping traffic density unchanged. RTD is calculated as the inverse of the sum of a subset of the cost-output elasticities. This subset varies from study to study, which has become a source of ambiguity. In RTS, the elasticity of the network size is also included in the calculation. Several empirical studies on the airline network have reported the existence of increasing returns to density (RTD>1) and constant returns to scale (
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). This would indicate that there would be cost advantages if the density of traffic is increased, but it would not be advantageous for firms to operate larger networks. However, the observed behavior in the industry has been different: after the deregulation, in the US first and then in the rest of the world, the concentration of the industry and the size of the networks have increased through mergers, acquisitions and alliances. These efforts from the part of firms to increase their network size –in seeming contradiction with the constant returns to scale– provoked a re-examination of the methods used to calculate economies of scale (e.g. Gagné, 1990; Ying, 1992; Xu et al., 1994 and Oum and Zhang, 1997).

Jara-Díaz and Cortés (1996, hereafter JDC) proposed a different approach to study economies of scale in transport. They noted that behind the aggregates included in the vector 
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, lies the real output of a transport firm, that is, the vector 
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 of flows of type k between origins i and destinations j in periods t. JDC noted that the inability of using Y in the empirical work does not mean that its definition should be abandoned when using an estimated cost functions to make economic inferences. If the estimated function represents well the real multioutput cost function, then the characteristics of the latter should be obtainable from the estimated parameters of the former. Let us take the case of economies of scale. Since economies of scale analyze the behavior of costs when the output vector increases equiproportionally, a correct calculation of economies of scale in transport would be related to an increase in the same proportion of all the flows in Y. This may be analyzed from an estimated cost function 
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 if one examines the behavior of aggregates 
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 when Y varies. If the aggregates can be actually described as functions of Y, i.e. 
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 can be considered as an approximation of the cost function in terms of Y. Calculating from 
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 the elasticities of cost with respect to the components of Y, JDC obtained a method to calculate the degree of economies of scale. The cost elasticity with respect to yi is
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where 
[image: image18.wmf]ji

e

 is the elasticity of aggregate output 
[image: image19.wmf]j

y

~

 with respect to 
[image: image20.wmf]i

y

, and 
[image: image21.wmf]j

h

~

 is the elasticity of 
[image: image22.wmf]C

~

 with respect to 
[image: image23.wmf]j

y

~

, i.e.


[image: image24.wmf]j

i

i

j

ji

y

y

y

y

~

~

¶

¶

=

e

      and        
[image: image25.wmf]C

y

y

C

j

j

j

~

~

~

~

¶

¶

=

h

 

.

(4)
Therefore, the correct calculation for an estimator of S, 
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Note that (j is the degree of homogeneity of the j-th aggregate with respect to the disaggregated flows, and that its calculation avoids the discussion regarding which aggregate should be considered in the calculation of S. 

Since the number of OD pairs do not change when flows increase, JDC argued that the elasticity of the network size should never be included in a scale calculation. Recall that this is also imposed in the calculation of RTD. This, however, does not mean that RTD is actually S, as suggested by Panzar (1989), because RTD assumes that the route structure also remains unchanged, as pointed out by Basso and Jara-Díaz (2006a). This condition is required because the idea of estimating the degree of economies of density is to analyze whether “the average costs of a direct connection decreases with proportionate increases in both flows on that connection” (Hendricks et al., 1995), which means that only the existing links handle the new traffic. If the route structure changes, some new links may be added while others may disappear. Along these lines, Basso and Jara-Díaz (2006a) proposed to distinguish RTD from S, assuming the route structure fixed in the former, but variable in the latter. Obviously, this distinction induces differences in the application of equation (5), particularly in the calculation of the (j. For example, in RTD, the (j of the average distance will always be zero as flows grow by the same proportion holding the route structure fixed; it could be different from zero in S if the minimum cost occurs for a different route structure after flows grow. We consider this distinction to be useful and relevant. Economies of density will be useful to know if, for example, there are economies of vehicle size, that is, if larger flows in non-stop routes imply decreasing average costs in that route because of larger vehicles. Hub-and-spoke networks would be strongly influenced by the existence of economies of density. On the other hand, economies of scale S are important because, when traffic increases significantly, it may not be efficient to further increase the size of the vehicles, while a frequency increase may be expensive because of congestion. With a reconfiguration of the route structure however, it may happen that the increases in flows may be handled without increasing costs too much; for example, through point-to-point service in certain OD pairs (phenomenon that has been observed; see Swan, 2003).

As explained above, RTS is aimed at analyzing the behavior of costs when both traffic and network size increase by the same proportion. As in RTD, the proportional increase applies to the vector of aggregates 
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 (or a sub-vector), but in this case the network size variable N also increases. Although this makes RTS look like the definition of scale, it is not the case because of two interrelated structural reasons. First, as shown by Basso and Jara-Díaz (2006b), this procedure, performed on the aggregates, imposes analytical conditions on the OD flow vector which seem to be indefensible. Second, increasing N implies the variation of the number of OD pairs, that is, a variation on the dimension of Y, which is something that should be examined with a scope analysis. 

As stated above, the main problem with RTS is that it was designed as a scale index, but it examines a problem that should be dealt with as a scope problem: network size. The empirical problem is that a direct calculation of SC using Equation (2) is seldom feasible (an example is Jara-Díaz, 1988). However, the approach proposed by JDC delivers a way to deal with the problem: since most aggregates 
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 are implicit functions of Y, even though the (disaggregate) output vectors YA, YB and YD might be unknown, SC might be calculated correctly if the corresponding aggregate vectors. 
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was available (Jara-Díaz, Cortés and Ponce, 2001). Analytically, and considering PS as the network size variable, scope could be calculated as
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Note that the arguments in 
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 in Equation (6) are likely never evaluated at zero, as opposed to what happens by definition with 
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 in (2). This occurs because aggregates (such as total passengers or ton-kilometers) do not go to zero when only some OD flows are zero, as is the case with YA or YB. The problem is then reduced to study the behavior of the aggregates under different orthogonal partitions of Y, when possible. 

It is important to explain that the calculation of equation (6) can be seen from different perspectives. For example, if one knows 
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, the problem becomes identifying YD, YB (which must be orthogonal to YA), PSD and PSB, in order to generate 
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. Analytically, the challenge is to find out a system of equations that allows these calculations. 

For synthesis, and emphasizing the spatial dimension of output in the transport case, with S one analyzes the behavior of costs after an equiproportional expansion of the OD flows keeping the number of OD pairs constant, while with SC one analyzes the behavior of cost when new OD flows are added. To do this properly from cost functions with aggregate output, the relation between each aggregate and the true output vector has to be revealed in order to calculate scale and scope consistently for policy analysis. We have shown that this implies replacing the calculation of RTD and RTS by three measures: a corrected RTD, the multioutput degree of scale economies S and spatial SC, as summarized in Table 1.

Table 1: Summary of the new approach

	Literature
	Proposed calculations
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3.
REASSESING ECONOMIES EMPIRICALLY

3.1
Summary of the empirical work regarding industry structure in the airline market 

The different empirical works found in the air transport market literature from an industry structure standpoint are methodologically quite similar. Most authors estimate a cost function specification (either variable or total cost for short and long run horizons respectively), considering similar outputs and attributes in the specification as well as the usual RTD and RTS indices to obtain industry structure conclusions and recommendations. In Table 2 we summarize the literature covering the last 20 years. It captures the notorious changes in the behavior of the industry after the deregulation of the most relevant markets, namely North American, Canadian and European. 

Overall, the functional form used to specify the cost function is a translog (Caves et al., 1984; Keeler and Formby, 1994, Gillen et al, 1991, Creel and Farell, 2001) whose variables are output aggregates, attributes and in most cases points served as an indicator of network size. The typical output aggregates are of the form flow times distance, such as RPM (revenue passenger mile) and RTM (revenue tones miles) as found in Oum and Zhang (1991), Liu and Lynk (1999), and Creel and Farell (2001). In some cases, the aggregates are grouped in one variable called output index, which is finally the output measure used directly in the specification of the cost function functional form (Caves et al, 1984; Kumbhakar, 1990; Windle, 1991; Oum and Yu, 1998). The use of the hedonic output (grouping each aggregate with its associated attributes) as introduced by Spady and Friedlaender (1978) has been limited to one article (Gillen et al., 1990).

Regarding attributes, in this market the authors normally use two: the load factor (LF) representing use of the available capacity, and the average stage length (ASL) as a measure of the service network arcs. ASL can be confused with the average length of haul (ALH) measure, commonly used in the cost function literature over the past twenty years; however, there is a subtle difference between them that makes a big difference in the analysis and computations we propose, as discussed later. Basically, ASL does not explicitly depend on the output of the firm, unlike ALH, which is defined as a weighted average of the basic product by distance. As mentioned above, in several empirical works the authors include network size represented by total points served (PS) as part of the specification. To our knowledge, other cost function specifications and attributes are barely used in the empirical study of the air market.

Table 2: Summary of specialized literature in air transport*
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From the estimated cost function, in the different articles the authors compute several indices as well as some productivity measures depending on the emphasis of the specific article. Mostly, policy conclusions are based upon the calculation of RTD (returns to density) and RTS (returns to scale), which provide an idea of the cost behavior after an equiproportional increase of product, either keeping fixed both network size and route structure (in case of RTD) or allowing the network to expand in the same proportion as the output does but keeping the density unchanged (behind the definition of RTS).

We decided to focus our analysis on those articles containing relevant information to apply the methodology described in the previous section. The study of interesting basic product orthogonal partitions for the computation of SC from a cost function with aggregate product requires detailed data from firms as well as from the industry as a whole. In the next section, we summarize our calculations of RTD, S and SC for key articles, highlighting the details of the indices’ recalculations in the case of one relevant article, in order to illustrate the logic behind the proposed approach and procedures.

3.2
Reassessing economies for selected articles 

In order to show some interesting details behind the proposed scale and scope calculations applying the methodology presented in Section 2, we have selected the article by Gillen et al. (1990) among those reported in Table 2. As noticed by Basso and Jara-Díaz (2005), the econometrics behind this work is quite solid, which makes the analysis of results a relevant task both quantitatively and in terms of the policy implications. The products and attributes included in the estimated cost function will permit an illustrative application of the disaggregate approach presented above. We will explain the procedures needed to calculate the weights for the elasticities in RTD and S, and to evaluate the aggregates corresponding to orthogonal partitions of the true output for the calculation of SC. Most of these procedures are useful to understand the work behind similar calculations in other papers summarized at the end of this section as well.

The estimation was conducted using annual data of six regional and transcontinental Canadian airlines observed from 1964 to 1980. Note that the end of the estimation period is previous to the deregulation of the market in Canada (1984), which makes the analysis much more interesting, as discussed later in Section 3.3. As presented in Table 2, the authors estimated a translog form for the total (TC) and variable cost (VC) functions, for long and short run horizons respectively, in which variables are deviated around the mean. Apart from the output and attributes, both specifications include a temporal trend indicator while the latter also add a measure of capital (K). The output is computed through the well known hedonic product of the form shown in Table 2 as well. 

The aggregated product vector comprises three components (our notation): scheduled revenue passenger-kilometers (RPK), scheduled revenue freight ton-kilometers (RTK) and non-scheduled (charter) revenue ton-kilometers including passenger and freight services (RTKCH). Only the first component was specified in a hedonic form (Spady and Friedlaender, 1978) as 
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Specifically in this section, we will concentrate in the computation of RTD´, S and SC. Particularly interesting is the analysis of spatial scope economies associated with the features behind the firm size, considering that the authors studied the airline cost structure where there is significant variation in the size of carriers. Thus, the latter indicator is shown for a spatial type of output partition, designed to study the potential merging of several Canadian airlines of different size.

Reassessing scale indicators

The authors report a value for RTD as well as for RTS, computed from both specifications (VC and TC). As explained before, we are more interested in the computation of the former indicator (RTD) since the conclusions obtained form the latter will be reevaluated under a scope analysis. In this particular case, the authors´ calculation of RTD is a correct estimation of the (disaggregated) returns to density, RTD’, according to the Jara-Díaz and Cortés (1996) methodology, assuming constant density and without modifying the route structure. 

In our nomenclature, the weight of the hedonic component, 
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, a function of the weights for both the aggregate output RPK and the only relevant associated attribute ASL. If the route structure remains unchanged, one can show that 
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. In addition, it can be shown that the weights associated to the other components RTK and RTKCH  are equal to 1. Therefore,
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where RTD’ is computed from both specifications, TC in (7) and VC in (8). The aggregate elasticities are obtained from the estimated cost functions. When we allow changing route structures while keeping the network size constant, we can show that 
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 takes a value different from zero. In addition, in this case it is possible to show that 
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, where ALH represents the average length of haul (which is not in the Gillen et al specification). We will use 
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, values estimated by Basso and Jara-Díaz (2006a), from where S can be computed as follows:
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In the case of the variable cost specification, the authors reported that 
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VC

ASL

b

=

. The aggregate elasticities associated with each aggregate as reported by the authors are summarized in Table 3 next.

Table 3: Aggregate elasticities estimated by Gillen et al. (1990)

	
	TC
	VC

	Passengers
	0.734
	0.540

	Freight
	0.048
	0.039

	Charter
	0.044
	0.039

	Capital Stock
	-
	0.081


Source: Gillen et al (1990)

Therefore, when replacing the aggregate elasticities estimated by the authors in (9) and (10), we finally obtain from the total cost specification at the sample mean 
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and from the variable cost specification
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From the results, we observe increasing returns to density as well as increasing multiproduct returns to scale for both TC and VC specifications. S is larger than RTD indicating the importance of optimizing the route structure after a flow increase.

Computing scope economies: spatial dimension from firms’ merging

Let us move now to the computation of one interesting type of economies of scope, intending to capture the convenience in costs due to merging the operation among firms. As in equation (6), let us denote A and B the two firms candidate to merge, resulting in a colluded firm D. For the sake of clarity, we concentrate our computations in the total cost function specification. Expression (6) for this particular case becomes
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where 
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, with 
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. The complexity in this case is to evaluate each aggregate in the corresponding partition of the disaggregate product. In that sense, our first concern is that, since some firms share the same airports (points served), a correction had to be performed to their output vector in order to create strict orthogonal partitions of the product, since some of the network arcs (segments) were served by more than one firm.

To do this correction, let us define a new partition A’, B’ such that the new firms do not share origin-destination pairs (hereafter OD pairs). The new values of those aggregates that represent flow times distance (e.g. RTK) can be calculated as 
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where, for either firm A or B, 
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 is the average length of haul associated with a flow-distance aggregate used in vector 
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 is the average OD flow of product component j, as defined in Basso and Jara-Díaz (2005), and 
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 denotes the overlapped points served between firms A and B, such that the product 
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represents the overlapping OD pairs. The idea here is to discount the overlapped flows from firm B and sum those flows to firm A, in order to create a consistent orthogonal partition. Besides, for aggregates that are of the form flow times distance,  
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. Graphically, in Figure 1 a conceptual representation of the old and new corrected partitions are shown.

The other complex variable for evaluation of the cost function at the resulting firm levels is the average stage length ASL. This expression was obtained by recalling the original definition of the attribute ASL, computed as the total length of all segments served by any firm k, say 
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, divided by the total number of arcs of the firm 
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Then, in order to find an analytical expression relating ASL and PS, we realized that the maximum number of segments that served by a firm k, attending
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where 
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a) Firms sharing OD pairs
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b) Firms with orthogonal product

Figure 1: Forming an orthogonal product partition

We can now apply (15) to each firm comprising the orthogonal partition A and B (the apostrophes are removed to simplify notation) obtaining 
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Expression (17) also applies for the resulting firm D. Then, noting that
[image: image98.wmf]DAB

NTNTNT

=+

, and considering that 
[image: image99.wmf]DAB

LTLTLT

=+

, we can finally obtain an expression for
[image: image100.wmf]D

ASL

 as follows:


[image: image101.wmf](1)(1)

(1)(1)

D

AAAABBBB

D

D

AAABBB

LTPSPSASLPSPSASL

ASL

PSPSPSPS

NT

qq

qq

-+-

==

-+-

 

(18)

Let us define 
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 as a non-dimensional parameter quantifying the density of the network (in terms of segments or arcs) of B with respect to A. Then 
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 can be finally written as a weighted average of the ASL associated to firms A and B. Analytically
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(19)

Expression (19) depends on the way in which the information about points served is reported by the authors as discussed later in this section. This was used to obtain the hedonic output values as well.

Finally, and to complete the specification in (11), we have to compute the points served by firm D. Defining 
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as the proportion of overlapped points served
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In Table 4, a summary of the different features of six Canadian firms is presented. 

Table 4: Canadian firms features reported in Gillen et al. (1990)

	
	Air Canada
	CPAir
	PWA
	Nordair
	EPA
	Quebecair

	PS
	59
	32
	43
	21
	18
	23

	RPK
	23767.71
	9335
	1492
	703.61
	582
	289.7

	ASL
	1114.6
	1426
	361
	528.37
	387
	273.49

	RPKcharter
	83.15
	118
	90
	60.49
	5.2
	27.86

	RTK
	552.2
	212.4
	25
	24.11
	6.5
	3.26


Source: Gillen et al (1990)

As stated in expression (19), an estimation of the parameter 
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 is needed as a function of the parameters 
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 and 
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, which were obtained by inspecting the different airline networks in 1980. The overlapped points were also obtained there (see Tables 5 to 7).

Table 5: Points served, number of segments and 
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 estimations in 1980

	
	Air Canada
	CPAir
	EPA
	Nordair

	Points served
	56
	32
	18
	22

	Nº of segments
	140
	53
	37
	30

	Parameter
[image: image112.wmf]q


	0,045
	0,053
	0,121
	0,065


Table 6: 
[image: image113.wmf]m

 values between firms in 1980

	A               B
	Air Canada
	CPAir
	EPA
	Nordair

	Air Canada
	1
	1,175
	2,660
	1,429

	CPAir
	0,851
	1
	2,263
	1,215

	EPA
	0,376
	0,442
	1
	0,537

	Nordair
	0,700
	0,823
	1,862
	1


Table 7: Overlapped Points served in 1980

	
	Air Canada
	CPAir
	EPA
	Nordair

	Air Canada
	-
	7
	9
	7

	CPAir
	7
	-
	2
	4

	EPA
	9
	2
	-
	2

	Nordair
	7
	4
	2
	-


From the values presented in Tables 5, 6 and 7, we were able to compute expression (11) for all potential merging between firms obtaining the results in Table 8.  

Table 8: Economies of scope (merging)

	Firma A
	Firma B
	SC

	Air Canada
	CPAir
	-0,124

	Air Canada
	Nordair
	-0,045

	Air Canada
	EPA
	-0,040

	CPAir
	Nordair
	-0,079

	CPAir
	EPA
	-0,086

	Nordair
	EPA
	0,103


In the last section we motivate a discussion from these results, supported also in the observed behavior of the Canadian firms after the deregulation that occurred in 1984. What is interesting, and also quite intuitive, is that the only potential advantage in costs from merging detected by applying the proposed methodology was for small firms (Nordair-EPA), and that was what happened in reality.   

In Table 9 next, we present a summary of the application of the approach discussed in Section 2 over the most relevant empirical cost function literature in the air transport industry. The emphasis is in reassessing RTD (which yields RTD’), computing S, and calculating SC for all feasible output partitions, depending on the availability of data in each specific case. Note that the illustrative example presented helps explaining the calculations for many of the papers analyzed, excepting Formby et al (1990) and Oum and Zhang (1991). From these results covering a period of 20 years of research in the area, we can visualize the existence of both returns to density and economies of scale, which shows clearly costs incentives for the firms not only to increase network density but also to restructure schedules and routes. On the other hand, results from incremental spatial and domestic-international types of scope economies justify the observed tendency of firms for searching new destinations to expand their service in order to save costs under the new market conditions. This also is supported by the regional analysis by Windle (1991). With regard to the Canadian market, the situation is simpler: small firms needed to merge in order to save costs and to compete with big companies as well.

Table 9: Summary of calculations

	Author(s)
	Indices 
	 Indices´ reassessment
	Numerical indices´ values 
	Policy implications

	Caves et 

al (1984)
	From TC (long run)
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A partir de Costo Variable:   
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	From TC (long run)

Scale analysis                      
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RTS is replaced by Scope
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	Authors

TC

VC

RTD

=

1.243

1.179

RTS

=

1.068

0.988

Reassessment

TC

VC

RTD’

=

1.262

1.189

S

=

1.589

1.529

Scope analysis

 Type

SC

Spatial T-L

=

0.14

Trunk-Local
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	Increase density and redefine schedules and routes

Merge trunk-local operation.

	Gillen et al.

 (1990)
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	From TC (long run)

Scale analysis                         
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Incremental spatial scope in

 Basso and Jara-Díaz (2002).
	Authors

TC

VC

RTD

=

1.211

1.486

RTS

=

0.971

0.992

Reassessment

TC

VC

RTD’

=

1.211

1.487

S

=

1.505

1.866

Merging

F1

F2

SC

AC

CPAir

-0,124

AC

Nordair

-0,045

AC

EPA

-0,040

CPAir

Nordair

-0,079

CPAir

EPA

-0,086

Nordair

EPA

0,103


	Incentives to increase traffic density and redefine schedules and routes

Merging among small firms.




	Author(s)
	Indices
	Indices´ reassessing
	Numerical indices´ values
	Policy implications

	Formby et 

al (1990)
	Not computed

PS is not a variable in the cost function specification; PS is in the definition of TD (revenue passenger enplanement/PS). 
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Incremental scope analysis
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	Assessing

RTD´

=

1.024

S

=

1.332

 Scope analysis

PS

SC

66
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67

0.243

68

0.229

69

0.21


	Redefine networks in structure as well as in size

	Windle 

(1991)
	Not computed


	Applying JDC approach
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Scope analysis
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	From de VC function

RTD

=

1.628

RTS

=

1.3

Reassessment

RTD’
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2.164

Scope analysis
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	Grow. Increase densities, redefine schedules and routes, and establish agreements between zones.

	Oum and 

Yu (1998)
	Not computed


	VC function 
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	Proposed computation
RTD’
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S
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1.216
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	Increase international service (because domestic traffic was already covered)




	Author(s)
	Indices
	Indices´ reassessing
	Numerical indices´ values
	Policy implications

	Oum and 

Zhang (1991)
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Assumption: ALH is the same for both passenger and freight traffic.


	Authors

VC1

VC2

RTD

=

1.301

1.279

RTS

=

0.906

0.904

Reassessment

VC

RTD’

=

1.299

S

=

1.586


	Increase densities and redefine routes and schedules.

	Liu and 

Lynk (1999)
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Scope analysis
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	Increase international service  supply and increase network size 

	Creel and

 Farell 

(2001)
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	Increase international traffic supply and increase network size


4.
SYNTHESIS AND AIRLINE MARKET CONCLUSIONS
Most of the discussion on industry structure has been done using two concepts: economies of density (RTD) and economies of scale (RTS). In fact, these indicators have constituted the main elements to perform policy conclusions and recommendations in the context of the air transport market. While the former deals with output growth keeping network size (and route structure) constant, the latter includes the variation of network size. Using these concepts, potential cost savings arising from output and/or network growth have been studied. 

In the specialized literature, both RTD and RTS indices have been tagged as scale concepts - defined in the aggregates. Our research team, however, has re-analyzed their definition and use in the literature, using the detailed description of product as the starting point. As a result of a rigorous analytical development, we have concluded that RTD has to be calculated making some corrections on the aggregate output cost elasticities (Jara-Díaz and Cortés, 1996). In addition, as RTD implicitly assumes route structure constant, a related but more general concept has to be used, namely the multiproduct degree of economies of scale, S (Basso and Jara-Díaz, 2006a). Regarding RTS, we have shown in various ways that it is inadequate to study what it is intended for, namely the important issue of network size (Basso and Jara-Díaz, 2006b). To deal with it, we have designed an approach to calculate what we have called economies of spatial scope, SC (Basso and Jara-Díaz, 2005).

In this paper, we summarize the application of this disaggregate approach to re-calculate the indices, covering the air transport literature in the period from 1984 to 2001. While making very explicit the assumptions and approximations needed, we have calculated the corrected values for RTD, the (new) values of S and the (new) values of SC. As a general result, we obtained that the corrected RTD are usually smaller than the published ones, which in turn are always somewhat smaller than S. Various (related) types of positive SC are detected: network size, trunk-local services, and domestic-international markets. We conclude that the observed changes and trends in the airline industry are better explained with the new indices.

From our calculations of SC regarding the North American airline market, we observe the existence of positive economies of scope of different type and for different periods, which can properly explain some observed phenomena, not able to be analyzed from the indicators RTD and RTS, recurrently computed in the different empirical works. For example, from data collected before the market deregulation in 1976, we computed positive trunk-local economies of scope (refer to Caves et al., 1984) explaining why firms started working under hub-and-spoke configurations, which represented a clear advantage in costs from the coordination of terminal operations among trunk and local companies.

In addition, from the analysis of spatial scope economies obtained by incrementally adding points served to the operational networks, it is possible to explain the observed expansion of destinations offered by the companies (Formby et al., 1990). Over time, the North American companies realized that they saved costs when expanding the scope of service, which is a result supported by our scope calculations complementing the evident existence of increasing returns to density.

Moreover, from our calculations of scope economies of the type domestic-international (Creel and Farell, 2001; Liu and Lynk, 1999; and Oum and Yu, 1998), we concluded that in the 80´s decade the firms always showed incentives to become bigger, since the spatial economies of scope were always positive. This result suggests cost saving incentives for the observed behavior of the firms when forming powerful alliances (such as One World Alliance) to avoid the restriction to operate in certain strategic markets. This reasoning is also supported by the observed change of other relevant firms’ attributes over time such as ASL, with a relevant impact on costs as well as on the scope index SC. 

Regard the Canadian airline market, our computations of SC to capture potential savings from merging of firms show negative results in most cases (Gillen et al., 1990) with the exception of Nordair-EPA where SC(0. To interpret this last result, let us note that in terms of both volume and PS, before the 80’s there was one big firm (Air Canada), some medium size firms (such as CPair) and several small companies (such as Nordair or EPA). From the computed SC values, we concluded that merging was convenient only among small firms. Therefore, we expected that small firms intended to create alliances, not only to increase their destinations but also to save costs as a result of the joint operation in terminals. 

Complementarily, Basso and Jara-Díaz (2005) concluded from their incremental spatial scope analysis that, irrespective of density and possible increasing RTD (by itself an incentive to merge), the firms with small networks presented increasing returns to spatial scope, which made it convenient to expand their networks at constant density. This last observation, along with our conclusions from the merging scope analysis, is somehow contradictory with what was obtained by Gillen et al (1990) and Oum and Zhang (1990), considering that in both cases the authors obtain an RTS value close to 1, from which they conclude a seeming cost advantage for the airline firms by increasing the flows on a fixed network, which was not observed from the 80´s on.

As an additional antecedent for the discussion, what really happened was that the small and medium firms finally merged in 1987 to form only one big firm able to compete with Air Canada, namely Canadian Airlines. Then, what was observed is that the small firms disappeared after deregulation as predicted by our analyses based on economies of scope for different partitions together with corrected returns to density and economies of scale.
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E: Efficiency index 


u: capital utilization rate


IM: Multilateral index 


g:  dummy variable representing government property


v: dummy variable capturing other immeasurable effects


S: Capital stock flow 


D: dummy variable indicating cost difference among firms


PS: Number of points served


CPS: City pairs served








� EMBED Equation.3  ���: Aggregate product


N:  Network index 


Q: Product attributes


K: Capital


� EMBED Equation.3  ���: Hedonic product


W: Input price vector


t : Time associated to technological change


T: Vector of time shifts


F:  Vector of firm-specific shifts


A(t): Technical progress index








ASM: Available seat-miles


ATM: Available tonne-miles


FSL: Flight stage length


Hub: Structure network indicator


TD: Traffic density


AU: Fleet utilization





RPM: Revenue passenger miles 


RTM: Revenue tonne miles


RPK: Revenue passenger miles  


RTK: Revenue tonne-kilometers  


ASL: Average stage length


LF: Load factor
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