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Abstract 
Legacy carriers operate hub-and-spoke networks because they believe that 
such networks offer demand and cost advantages, which allow the hub carrier 
to charge a higher price. However, some empirical studies have found that the 
hub premium has declined in recent years. This study examines hub-and-spoke 
networks to assess the change in the hub premium over time. It uses a struc-
tural model to jointly estimate the demand and supply parameters. Then, a 
counterfactual exercise is carried out to capture the impact of low-cost carri-
ers (LCCs) on hub carriers’ premiums under different economic conditions. 
The major finding is that, on average, consumers respond differently when 
facing a price change by a legacy carrier and by an LCC. However, this price 
sensitivity reduces in the later years of the study period. Further, we show that 
legacy carriers dominated airfares in the late 1990s. Nevertheless, the growing 
expansion of LCCs is significantly harming the economies of density of legacy 
carriers. 
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1. Introduction 

The rapid changes in demand and market structure over the past two decades 
have challenged the premium on hub-and-spoke networks.1 Legacy carriers op-
erate hub-and-spoke networks because they believe that such networks offer 

 

 

1In a hub-and-spoke network, a hub refers to an airport in which a carrier concentrates its opera-
tions and services, while the spoke airports from other cities in the network have non-stop flights 
only to the hub. 
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demand and cost advantages.2 From the demand-side perspective, passengers are 
more likely to choose itineraries offered by hub carriers and thus pass through 
the carrier’s hub. Passengers also believe that hub carriers offer superior flight 
schedules and more convenient gate access (Berry, 1990 [1]; Proussaloglou and 
Koppelman, 1995 [2]). 

From the perspective of the costside, airlines can normally better exploit 
economies of density in their hub airports. Passengers from different origins and 
with different destinations can be boarded on a single large plane for a segment 
of the trip, meaning that itineraries that include a hub airport may increase 
spoke density and reduce costs (Brueckner and Spiller, 1994) [3]. For example, 
United Airlines operates the itinerary New York-Chicago-San Diego, which 
shares a spoke with New York-Chicago-Seattle. Hence, an increase in demand 
for the airline’s New York-San Diego market increases traffic on its New 
York-Chicago leg. Since the New York-Seattle route also passes through Chica-
go, the airline can thus utilize services on its New York-Chicago route. As such, 
economies of density allow the airline to reduce its marginal cost of providing 
services in the New York-Seattle market. 

Borenstein and Rose (2013) [4] suggested that the benefits of providing hub 
operations can expand to the frequent-flyer service. Hubs generally increase the 
available flight options for passengers, even when demand is insufficient to sup-
port frequent nonstop services at relatively low prices. As a result, passengers are 
more willing to choose services by hub carriers and enroll in a program to ac-
cumulate frequent-flyer miles. Because of the increased density of operations in 
hub services, airlines are allowed to offer frequent services on a segment while 
maintaining high load factors. At the same time, competition at hub airports is 
typically limited because of the airport’s capacity constraints. This limitation 
yields a demand advantage and substantial market power for airlines in their 
own hubs compared with competitors that operate routes outside the hub. 
Therefore, hub-and-spoke networks drive up markup and increase entry barriers 
(Borenstein, 1991) [5]. 

However, the revolution of low-cost carriers (LCCs) has steadily placed 
downward pressure on airfares.3 Since Southwest Airlines started to provide 
low-fare regional services in the 1970s, LCCs have had a growing impact on the 
air travel business. Dresner et al. (1996) [6] were one of the first groups to ex-
amine how the entry of LCCs influenced competitive routes, while Morrison 
(2001) [7] focused on the impact of Southwest Airlines on incumbent airlines’ 
fares. Both studies suggest that the presence of LCCs has placed downward 
pressure on airfares. Hence, LCCs force legacy carriers to lower fares by offering 
competing services, especially in regional markets. Goolsbee and Syverson 
(2008) [8] further indicated that incumbent airlines cut fares in response to the 

 

 

2The major legacy carriers in the domestic US airline industry are American Airlines, Continental 
Airlines, Delta Air Lines, Northwest Airlines, United Airlines, and US Airways. 
3The major LCCs in the domestic US airline industry are AirTran Airways, Allegiant Air, Frontier 
Airlines, JetBlue Airways, Southwest Airlines, Spirit Airlines, Sun Country Airlines, and Virgin 
America. 
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threat of entry by Southwest Airlines, while Brueckner et al. (2013) [9] investi-
gated the impact of potential competition from several LCCs and found similar 
results. These empirical findings, focusing on price regressions, suggest that the 
price premiums of legacy carriers at hub airports have declined in recent years. 
In addition, LCCs have lower labor costs (Mozdzanowska, 2004 [10]; Borenstein 
and Rose, 2013 [4]). 

As a consequence, legacy carriers experienced a significant loss of market 
share from 90.4% in 1995 to 68.3% in 2009 (Hüschelrath and Müller, 2012) [11] 
as well as lower profitability. Figure 1 shows the domestic revenue passenger 
miles in the US airline industry, highlighting that the gap between legacy carriers 
and LCCs has closed markedly over the past two decades. 

On the contrary, Berry et al. (2006) [12] used a differentiated products 
supply-and-demand framework to analyze the role of hub-and-spoke operations 
and found that different levels of willingness to pay by consumers could lead hub 
carriers to increase their markups on hub-originating flights. This study found 
that the so-called hub premium allows hub carriers to raise prices, especially to 
those passengers who are relatively inelastic to price changes. Nonetheless, im-
provements in Internet transaction processes mean that air travel consumers 
became 8% more price sensitive from 1999 to 2006 (Berry and Jia, 2010) [13]. 
Moreover, stricter security regulations have lengthened average travel time, 
which may cause flight delays and airport congestion. Indeed, Ater (2012) [14] 
found a statistically significant relationship between hub-and-spoke networks 
and congestion, which could lower consumers’ preferences for products from 
legacy carriers. 

The evidence presented thus far suggests that the challenge to legacy carriers 
is a complicated combination of two major factors: 1) the expansion of LCCs 
and 2) rapid changes in demand and market structure. Therefore, this study 
reexamines hub-and-spoke operations over time to understand the degree to 
which such networks have been disturbed by LCCs based on changes in legacy 
carriers’ airfares. Because a legacy carrier needs to hold the equilibrium price in 

 

 
Figure 1. US airline domestic revenue passenger miles. 

0
50,000

100,000
150,000
200,000
250,000
300,000
350,000
400,000
450,000

       

Legacy carrier LCC carrier Others

https://doi.org/10.4236/me.2017.812094


C. Y. Wu 
 

 

DOI: 10.4236/me.2017.812094 1403 Modern Economy 
 

the face of competition from LCCs, its pricing strategy depends on the degree of 
market disturbance caused by these low-cost rivals. 

To capture the correct hub premium effect in each particular market cir-
cumstance during the past 20 years, three periods are selected: 1998 (to represent 
the pre-9/11 period), 2005 (the post-9/11 period), and 2012 (the post-financial cri-
sis period)). This study first compares the demand and supply behaviors under 
different economic conditions in these three time periods. Second, it carries out 
counterfactual experiments to examine the hubbing effect in each year by re-
moving LCCs’ products from each sample market. Assuming the estimated 
econometric framework is unchanged, predicted equilibrium prices for legacy 
carriers’ products can then be estimated. The results from the counterfactual 
experiments thus show the full trend of the hub premium over time. In sum-
mary, this study can provide pricing implications for those legacy carriers under 
threat by low-cost competitors in the current recessionary period. 

2. Data 

The quarterly dataset comes from the Origin and Destination Survey (DB1B 
Market) collected by the Bureau of Transportation Statistics in the United States. 
These data constitute a 10% sample of airline tickets from reporting carriers. 
Each observation is a flight itinerary that includes information such as the iden-
tity of the airline, airfare, number of passengers that purchase the specific itine-
rary, miles flown on the trip itinerary, and origin and destination airports. 

In this study, an air travel product is defined as the combination of trip itine-
rary and airline. A market is defined as directional air travel between the origin 
and destination city. Note that the city-pair definition of a market in this study 
differs from that in Berry and Jia (2010) [13]. As the present research aims to 
identify the effect of LCCs on the performance of legacy carriers, it is necessary 
to consider local competitors, especially in a large city.4 Brueckner et al. (2013) 
[9] stated, for example, that LCCs have a significant impact on pricing regardless 
of whether the competition occurs on the airport-pair or at adjacent airports. 

The data in this study are focused on US domestic flights offered and operated 
by US carriers in the first quarters of 1998, 2005, and 2012. Observations with 
missing airfares and airfares less than $50 and over $3000 are omitted because of 
the high probability that they may be data entry coding errors or discounted 
fares that may be related to passengers using accumulated frequent-flyer miles to 
offset the full travel cost. Meanwhile, a product needs to have at least five pas-
sengers purchasing it during the quarter and a market needs to include products 
provided by both legacy carriers and LCCs to be included in the analysis. To 
collapse the data based on the definition of a product in this study, the mean 
price is used for each distinct itinerary-carrier combination, while the quantity 
variable is the sum of those passengers that purchase the product. 

 

 

4For example, the O’Hare International Airport is a major hub for United Airlines in Chicago, while 
Southwest provides services at the Chicago Midway International Airport in the same city. 
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Table 1 defines all the variables used in this study, while the summary statis-
tics of the sample data are reported in Table 2. The final dataset has a sample 
size of 8150 products spread across 274 origin/destination markets in 1998, 
while there are 11,456 products across 411 markets in 2005 and 10,429 products 
across 398 markets in 2012. 

Overall, the average airfare is about $249 in 1998, with fares subsequently de-
creasing because of the financial pressure caused by the 9/11 terrorist attacks and 
airline bankruptcies in the early 2000s. The number of products provided by 
LCCs is growing over time, while legacy carriers provide fewer products in 2012 
compared with in 1998. Figure 2 displays the price density for the products of-
fered by both legacy carriers and LCCs. Compared with 1998, the airfares of 
these two types of carriers are closer in 2012. This evidence shows that the pres-
ence of LCCs affected air travel competition between 1998 and 2012. 

3. Model 

The differentiated products framework allows us to draw conclusions about how 
prices relate to costs compared with the less precise estimates derived from re-
duced form regressions. The challenge in using such an aggregated dataset is the 
lack of information about passengers’ travel purpose. A business traveler is less 
price sensitive compared with a leisure traveler (Gillen et al., 2003) [15] and may  
 
Table 1. Variable definitions. 

Variable Description 

Price Mean airfare for each product, measured in thousands of US dollars 

Quantity Number of passengers for each product 

Interstop Number of intermediate stops for each product 

Inconvenience 
A product’s cumulative itinerary distance flown from the origin to the destina-
tion divided by the nonstop flight distance between the origin and destination 

HUB_Origin 
Dummy variable that equals 1 if the origin airport is a hub for the ticketing 
carrier and 0 otherwise 

Tour 
Dummy variable that equals 1 if the airport is in Florida or Las Vegas and 0 
otherwise 

Slot_control 

Number of slot-controlled airports on a product’s itinerary 
Note: In 1998, slot-controlled airports are New York LaGuardia (LGA), New 
York Kennedy (JFK), Washington National (DCA), and Chicago O’Hare 
(ORD). The slot-controlled ORD expired in 2002, while Newark Liberty 
(EWR) was added in 2008. 

Distance 
A product’s cumulative itinerary distance flown from the origin to the destina-
tion, measured in thousands of miles 

HUB_MC 
Dummy variable that equals 1 if the origin, intermediate stop(s), or destination 
airport is a hub for the carrier and 0 otherwise. 

Slot_MC 
Dummy variable that equals 1 if the Slot_control variable is greater than zero 
and 0 otherwise 

Legacy_mkt Number of products provided by legacy carriers 

LCC_mkt Number of products provided by LCCs 
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Table 2. Descriptive statistics in 1998, 2005, and 2012. 

 
1998 2005 2012 

Variable Mean Std. Dev. Mean Std. Dev. Mean Std. Dev. 

Price 0.2491 0.1299 0.1992 0.0715 0.2495 0.0870 

Quantity 196.60 661.70 238.77 777.94 252.28 795.59 

Interstop 0.8310 0.4331 0.8110 0.4214 0.8015 0.4281 

Inconvenience 1.1223 0.1961 1.1345 0.2064 1.1491 0.2316 

HUB_Origin 0.1644 0.3707 0.1616 0.3681 0.1666 0.3726 

Tour 0.1325 0.3391 0.1851 0.3884 0.1270 0.3329 

Slot_control 0.2839 0.4850 0.1511 0.3635 0.1636 0.3738 

Distance 1.8583 0.6633 1.8627 0.6690 1.7452 0.6992 

HUB_MC 0.7442 0.4364 0.7233 0.4474 0.4201 0.4936 

Slot_MC 0.2681 0.4430 0.1492 0.3563 0.1621 0.3686 

Legacy_mkt 31.162 19.705 27.646 17.847 21.586 13.697 

LCC_mkt 9.373 6.005 11.688 7.630 14.541 7.647 

No. of products 8150 11456 10429 

No. of markets 274 411 398 

 

 
Figure 2. Product price dispersion by legacy carriers and LCCs. 

https://doi.org/10.4236/me.2017.812094


C. Y. Wu 
 

 

DOI: 10.4236/me.2017.812094 1406 Modern Economy 
 

thus be more likely to pay a higher airfare owing to time constraints. Thus, pas-
sengers’ choice behavior in this market can influence the corresponding product 
markup. In the spirit of the input of Nevo (2000) [16], Berry et al. (2006) [12], 
and Berry and Jia (2010) [13] on differentiated products demand, I use the fol-
lowing structural econometric model to capture passengers’ changing prefe-
rences in 1998, 2005, and 2012: 

( )1ijm jm t t jm jm igm ijmu x pβ α ξ σζ σ ε= + + + + −              (1) 

where ijmu  is the indirect utility of consumer i purchasing product j in market 
m and jmx  is a vector of the non-price observable product characteristics, such 
as the number of intermediate stops in a product, a measure of itinerary con-
venience, hub size, and other variables related to the hub premium. tβ  is a 
vector of the preference coefficients for consumers of type t (either leisure or 
business) associated with product characteristics in jmx , jmp  is the product 
price, and tα  is the marginal utility for consumers of type t associated with a 
change in price. Here, jmξ  captures the components of product characteristics 
observed by consumers but unobserved by researchers. igmζ  is a random com-
ponent of utility common across all products within the same group/airline, 
whereas the term ijmε  is an independently and identically distributed random 
error term across products, consumers, and markets. Note that 0,1,2, ,g G=   
indexes product groups within a market and one outside alternative (g = 0). The 
outside alternative is the option not to purchase one of the air travel products 
considered in the model. The parameter σ  lies between 0 and 1 and measures 
the correlation of consumer utility across products belonging to the same 
group/airline g. The correlation of preferences increases as σ  approaches 1. In 
the case where σ  is 0, the model collapses to a standard logit model where 
products compete symmetrically. 

The market share for type t consumers, { },t L B∈ , of product j is simply the 
multiplication of the group share by the within-group share, which is given by 

( ) ( ) ( )

( )

1

1
1

exp 1

1

jm t t jm jm gt
j G

g gg

x p D
S

D D

σ

σ

β α ξ σ −

−
=

 + + − = ×
 + ∑

       (2) 

where ( ) ( )exp 1
gg jm t t jm jmj GD x pβ α ξ σ

∈
 = + + − ∑  and gG  is the set of 

products belonging to group g. 
Then, the market share of product j is the weighted average across the two 

types of consumers: 

( ) ( ) ( ), , ; 1 , , ;L B
j j jS S x p S x pλ ξ θ λ ξ θ= + −              (3) 

where λ  is the proportion of leisure (type L) consumers in the population and 
( )1 λ−  is the proportion of business (type B) consumers. θ  is the vector of the 
demand parameters to be estimated. 

Demand for product j can be expressed as ( ), , ;jm jd POP S x p ξ θ= × , where 
POP is the geometric mean of the population in the origin and destination cities, 
which is a measure of market size in this study. 
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As for the supply side, carriers are assumed to set prices according to a static 
Nash-Bertrand game. Each carrier f offers a set of Kf products for sale. Carrier f 
has the variable profit function in market m: 

( )
fmfm jm jm jmj KVP p mc q

∈
= −∑               (4) 

where jmp , jmmc , and jmq  are the respective price, marginal cost, and quan-
tity of product j sold by carrier f. In equilibrium, the amount of product j a car-
rier sells equals demand, that is, j jq d= . Thus, the Nash-Bertrand equilibrium 
is characterized by the following system of J first-order equations: 

( ) ( ), , , 0
fm

r
rm rm jmr K

j

sp mc s x p
p

ξ θ
∈

∂
− + =

∂∑ , 

which can be rearranged to compute the product markups: 

( ), , ;j j jp mc markup x p ξ θ− =                 (5) 

where ( ), , ;jmarkup x p ξ θ  is the product markup function that depends exclu-
sively on the demand-side variables and parameter estimates. With these com-
puted product markups, the product’s marginal costs can be recovered by 

( ) ( )ln ln , , ,mc p Markup x p wξ θ γ η= − = +            (6) 

where w is the matrix of the observed marginal cost-shifting variables, including 
Itinerary Distance, Distance Squared, Hub Dummy, the operating carrier dum-
mies, and the other relative cost-shifting variables. γ  is a vector of the cost pa-
rameters to be estimated, while η  is a vector of the cost shocks unobserved by 
researchers. 

While the demand and marginal cost parameters can be estimated jointly by 
GMM, the price elasticity of demand can be computed as well. As such, we can 
compare consumers’ sensitivity to price changes according to their type for the 
different hub premiums and years. Having estimated the demand and marginal 
cost parameters for each year, we can compute the predicted markup and mar-
ginal cost and then the counterfactual experiments can be carried out. 

4. Empirical Results 
4.1. Parameter Estimates 

Table 3 reports the parameter estimates of the demand and marginal cost equa-
tions in each sample period. The random coefficients logit demand model is 
used to disentangle the choice behavior for the two types of consumers by using 
the Price and Interstop variables. In 1998, the price coefficient of type L con-
sumers is significantly negative, which indicates that their utility tends to de-
crease as airfare increases. Compared with the price coefficient of type B con-
sumers, the result suggests that type L consumers are much more sensitive to 
price changes. The Interstop coefficients are significantly negative for both types 
of consumers, implying that all consumers prefer nonstop flights in their itine-
rary. 
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Table 3. Joint estimation of the demand and marginal cost equations. 

Demand Equation 1998 
 

2005 
 

2012 
 

Variable Coefficient s.e. Coefficient s.e. Coefficient s.e. 

Type L Consumer 
     

Price −24.442* 0.024 −23.876* 0.793 −21.8571* 0.113 

Interstop −1.7532* 0.000 −1.5883* 0.109 −1.7668* 0.017 

Constant −1.3932* 0.000 −4.0108* 0.105 −4.9981* 0.038 

Type B Consumer 
   

  

Price −3.0360* 0.002 −3.4283* 0.155 −3.1476* 0.034 

Interstop −1.1661* 0.000 −1.6117* 0.015 −1.7324* 0.008 

Constant −6.1165* 0.002 −6.0170* 0.126 −2.9440* 0.021 

Inconvenience −1.9135* 0.001 −1.7379* 0.091 −1.7075* 0.012 

HUB_Origin 0.0689 1.811 0.4171* 0.010 0.1267* 0.002 

Tour 0.4094* 0.000 0.6535* 0.028 0.9080* 0.004 

Slot-control −0.6939* 0.000 −0.7363* 0.047 −0.5388* 0.008 

Legacy_mkt −0.0013 1.813 −0.0064* 0.000 −0.0051* 0.000 

LCC_mkt −0.0224 1.225 −0.0100* 0.000 −0.0122* 0.000 

σ 0.0017 2.540 0.0000 0.000 0.0000 0.000 

 
0.2352* 0.000 0.4446* 0.018 0.5624* 0.015 

Marginal Cost Equation 
     

Variable Coefficient s.e. Coefficient s.e. Coefficient s.e. 

Constant −2.8468* 0.117 −3.6070* 0.086 −2.7494* 0.038 

Distance 0.0085 0.066 0.1882 0.047 0.0371 0.036 

Distance2 −0.0295 0.020 −0.0497 0.013 −0.0009 0.010 

HUB_MC −0.2287* 0.015 −0.0298* 0.014 0.0055 0.011 

Slot_MC 0.0613* 0.019 0.0487* 0.013 0.0538* 0.011 

GMM objective 25601 
 

22608 
 

20266 
 

Number of obs. 8150 
 

11456 
 

10429 
 

*represents statistical significance at the 0.05 level. Ticketing (operating) carrier dummy variables are in-
cluded in the demand (marginal cost) model for the estimation even though the associated coefficient esti-
mates are not reported in the table. 

 
The negative coefficient estimates for the Inconvenience and Slot-control va-

riables suggest that consumers’ utility tends to decrease with a longer route or a 
slot-controlled airport in the itinerary. On the contrary, consumers usually be-
lieve that choosing a hub as the origin airport leads to better departure options 
or gate access (Berry et al., 2006) [12]. Consistent with the findings of previous 
studies, the positive HUB_Origin coefficient indicates that a consumer’s utility 
tends to increase if the origin airport is the carrier’s hub. In addition, the signifi-
cant coefficient estimate for the Tour dummy captures the relatively high traffic 
volume in Florida and Las Vegas, which cannot be abstracted. Further, the esti-
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mates of Legacy_mkt and LCC_mkt are insignificant. This finding suggests that 
consumers may feel indifferent about the number of product options regardless 
of whether the offer is provided by legacy carrier or an LCC. Moreover, the coef-
ficient of σ is insignificant and close to zero, which intends to claim an insignifi-
cant correlation in the nested options. 0.2352Lλ =  suggests that 23% of con-
sumers in the sample markets are type L in 1998. 

As for the supply side, the coefficient estimates for Distance and Distance2 are 
insignificant. Other things being equal, the negative coefficient estimate of 
HUB_MC suggests that economies of density occur substantially in the air travel 
market, which leads to downward pressure on marginal cost. In addition, mar-
ginal cost is higher if the route passes through a slot-controlled airport, as ex-
pected. 

The results for 2005 and 2012 show that the coefficients of the variables are 
roughly similar in magnitude to those in 1998. Note that the coefficient of Lλ  is 
relatively large, which means that more type L consumers are considered to be 
price sensitive over time. In addition, the coefficient estimate for HUB_MC be-
comes positive in 2012. Since the HUB_MC estimate includes other opposing 
pressures on marginal cost, such as the expense of incurring flight delays and 
congestion, this estimate could be positive or negative depending on the cir-
cumstances. 

4.2. Price Elasticity of Demand 

Table 4 reports the summary statistics on the price elasticity estimates across all 
products and by the different categories. Starting the specification in 1998, the 
mean price elasticity estimate generated by our demand model is −1.6338. This 
result means that a 1% increase in the price of one product would result in a 
1.6338% decrease in its demand. The mean price elasticity estimated for type L 
and type B consumers is −5.35 and −0.67, respectively. As expected, type L con-
sumers are relatively more price sensitive. 

On average, consumers respond differently when facing price changes by leg-
acy carriers and LCCs. Overall, a 1% increase in price causes consumers to de-
crease their demand for a legacy carrier’s product and an LCC’s product by 
1.57% and 1.78%, respectively. However, the price sensitivity gap reduces in 
2005 and 2012 compared with 1998. Further, consumers are less price sensitive 
in long-haul markets compared with short-haul and mid-haul markets, perhaps 
because they may not easily find an alternative option for a long-haul itinerary. 
This finding is consistent throughout the study period. 

4.3. Markup and Marginal Cost 

The joint estimates in the demand-and-supply structure framework allow us to 
compute the product-level markups and marginal costs precisely. The mean es-
timates of the markups and marginal costs are presented in Table 5. The results 
show that a product has a larger markup and a smaller marginal cost in 2012  
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Table 4. Summary statistics for the price elasticity estimates. 

 
1998 

 
2005 

 
2012 

 

 
Mean s.e. Mean s.e. Mean s.e. 

All Products −1.6338* 0.0117 −1.1417* 0.0021 −1.1337* 0.0024 

Type L Consumer −5.3538* 0.1148 −4.5301* 0.0397 −5.2368* 0.0472 

Type B Consumer −0.6651* 0.0142 −0.6501* 0.0057 −0.7537* 0.0068 

Legacy Carrier’s Products −1.5742* 0.0123 −1.1400* 0.0021 −1.1366* 0.0031 

Type L Consumer −5.8127* 0.1211 −4.6714* 0.0457 −5.6101* 0.0571 

Type B Consumer −0.7221* 0.0150 −0.6704* 0.0066 −0.8074* 0.0082 

LCC’s Products −1.7799* 0.0146 −1.1415* 0.0026 −1.1230* 0.0023 

Type L Consumer −4.1389* 0.0881 −4.1666* 0.0343 −4.6440* 0.0367 

Type B Consumer −0.5144* 0.0109 −0.5980* 0.0049 −0.6684* 0.0053 

Short-haul Distance −1.7582* 0.0328 −1.1871* 0.0085 −1.1859* 0.0097 

Mid-haul Distance −1.7592* 0.0117 −1.1580* 0.0028 −1.1352* 0.0029 

Long-haul Distance −1.4865* 0.0126 −1.1199* 0.0022 −1.1245* 0.0043 

No. of markets 
      

Short-haul Distance 10 
 

12 
 

18 
 

Mid-haul Distance 138 
 

214 
 

238 
 

Long-haul Distance 126 
 

185 
 

142 
 

Total 274 
 

411 
 

398 
 

* represents statistical significance at the 0.05 level. 

 
Table 5. Summary statistics for the markup and marginal cost (in Dollars). 

 
1998 

 
2005 

 
2012 

 

 
Mean Std. Dev. Mean Std. Dev. Mean Std. Dev. 

Markup 
      

All products 149.289 65.839 168.326 32.141 212.265 36.953 

Legacy carriers products 166.038 68.619 173.860 36.301 225.704 41.293 

LCCs products 106.201 57.072 155.297 31.115 192.142 35.730 

Marginal cost 
      

All products 69.586 17.794 21.443 6.352 27.355 13.281 

Legacy carriers products 71.591 21.364 21.816 7.435 30.986 19.059 

LCCs products 63.066 11.952 19.263 4.752 20.366 4.422 

Number of markets 274 
 

411 
 

398 
 

 
compared with 1998. Specifically, a legacy carrier’s product, on average, faces a 
higher marginal cost and a higher markup compared with an LCC’s product. 
However, the markup on an LCC’s products grows at a faster rate compared 
with that of the legacy carrier’s products. 
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4.4. Counterfactual Exercise 

The counterfactual exercise is carried out to assess the impact of LCCs’ products 
on the pricing of legacy carriers’ products and evaluate the extent of the threat to 
hub-and-spoke networks. To disclose the effect, we remove the LCCs’ products 
from each sample market to allow the predicted equilibrium prices for legacy 
carriers’ products to be estimated by assuming a 5% increase in marginal cost. 
This increase is based on the fact that the marginal cost of transferring passen-
gers from a legacy product should increase if the market has fewer products. For 
example, a legacy carrier needs to provide more flights to accommodate passen-
gers’ needs, which require extra costs such as labor and fuel. 

The findings of the comparison between the actual prices and predicted equi-
librium prices of legacy carriers’ products are summarized in Table 6. In 1998, 
the predicted equilibrium price, on average, increases by $128 if the LCCs’ 
products are counterfactually removed. This positive power suggests that legacy 
carriers dominate airfares in that year. If the market lacks LCCs’ products, the 
degree of market power on the legacy’s products rises. Specifically, the degree of 
market power seems to grow in long-haul distance markets compared with 
short-haul markets. 

However, the opposing pressure exists in 2005, and this negative magnitude 
becomes larger in 2012, perhaps sowing to economies of density. If the markets 
remove LCCs’ products counterfactually, the existing airline should be able to 
better arrange passengers from different origins and with different destinations 
on a single large plane for a segment of the trip, which has a downward effect on 
pricing. In practice, however, because LCCs’ products exist in the markets, lega-
cy carriers cannot fully exploit this density power. Since 2012, the competition 
between legacy carriers and LCCs has become more intense, gradually 

 
Table 6. Summary statistics for the predicted price differences in the counterfactual exer-
cise. 

 
1998 

 
2005 

 
2012 

 
Markets Mean Std. Dev. Mean Std. Dev. Mean Std. Dev. 

All markets 128.845 20.167 −15.347 17.394 −138.309 17.670 

By distance-haul categories 
    

Short-haul distance 93.165 38.692 −20.048 6.274 −139.226 20.502 

Mid-haul distance 129.821 22.633 −12.826 20.503 −138.258 18.601 

Long-haul distance 130.613 10.477 −17.958 13.019 −138.284 15.746 

No. of markets 
      

Short-haul distance 10 
 

12 
 

17 
 

Mid-haul markets 139 
 

214 
 

238 
 

Long-haul markets 125 
 

185 
 

143 
 

Total 274 
 

411 
 

398 
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hampering hub-and-spoke networks. As such, legacy carriers need to raise their 
airfares in order to retain the anticipated markup. Therefore, a legacy carrier 
may consider reforming its hubbing network as an efficient way in which to 
overcome the pricing pressure from the rise of LCCs. 

5. Conclusions 

Recent research has highlighted the hubbing effect of hub-and-spoke networks, 
which should give carriers sufficient competitive advantage to increase their 
share of products at the hub and create airport dominance. However, while pas-
sengers still find it more convenient to choose itineraries offered by hub airlines 
and benefit from frequent-flyer membership with a hub airline, this study inves-
tigates the extent to which the presence of LCCs has influenced the dominance 
of network carriers. 

To capture the hub premium effect in each particular market over the past 20 
years, three periods are selected: 1998 (pre-9/11 period), 2005 (post-9/11 pe-
riod), and 2012 (post-financial crisis period). The results of this counterfactual 
exercise find that legacy carriers dominated airfares in 1998, especially in 
long-haul distance markets; however, the opposing pressure existed in 2005 and 
this negative magnitude rose in 2012. This downward pressure indicates that the 
competition between legacy carriers and LCCs since 2005 has been becoming 
more intense in practice. Therefore, legacy carriers actually need to raise their 
airfares in order to retain the anticipated markup. 

The empirical results imply pricing strategies and solutions for legacy carriers. 
Their competitive advantage has declined compared with LCCs in recent years. 
Hence, LCCs gradually limit legacy carriers’ ability to realize the benefits of 
hub-and-spoke networks. To counter the aggressive expansion of LCCs, legacy 
carriers should thus reform their hubbing networks in an efficient way to exploit 
economies of density fully. 
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