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Abstract: In this paper, we design a novel quasi-experiment approach, DID-Matching with 

regression adjustment approach, to estimate the effects of Low-Cost Carriers’ (LCCs) 

expansions on fares. We decompose the overall effect of LCC entry into three effects: 

actual entry, potential entry and adjacent entry. For each type of entry, we select treated 

routes to exclude the contamination of other types of entry. The controlled routes are 

matched from routes that were entered by the same LCC in later years. We call this 

identification strategy the DID matching within the treatment group. We remove further 

the possible impacts of other time-varying factors on the DID matching outcome via a 

regression adjustment. We find that LCC entry caused at most a 20% and 30% price drop 

in EU and U.S. markets, respectively. In EU markets, fare reductions are mainly caused by 

LCCs’ actual entries. Besides, potential entries can cause big price drop in U.S. 

markets.  We also find that the U.S. LCC has a larger reduction effect on fares in less 

competitive markets, such as in highly concentrated markets, in markets where mergers 

reduced the number of competitors, and on hub routes. Our results imply 

that cabotage rights would benefit U.S. domestic travelers and concerns about market 

consolidation can be addressed by allowing foreign competition in domestic markets.  
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1. Introduction 

The U.S. airline industry has been highly concentrated with a number of mergers of the 

industry’s top airlines since 2005.1 The wave of consolidation has led to big concerns that 

competition is being reduced, which could lead to higher fares and service cuts to low 

density areas. Indeed, most studies focusing on the potential effects of recent airline 

mergers have found that a merger would lead to a higher price (e.g., Brown and Gayle, 

2009; Kwoka and Shumilkina, 2010; Huschelrath and Muller, 2014; Luo, 2014). As a 

regular policy, it is necessary for antitrust to strengthen market supervision in limiting 

carriers’ ability to gain market power and/or form cartel. In our opinion, we suggest 

antitrust make policies which would increase market competition, including more 

deregulation and open-skies, such as cabotage rights2.  

      Deregulation and open skies3 are considered as effective policies because they have 

allowed entry that reduced fares and increased service. Open-skies agreement has induced 

20%-30% price drop and 5%-10% increase in passenger volume (e.g., Micco and 

Serebrisky, 2006; Piermartini and Rousova, 2013; Winston and Yan, 2015). The expansion 

of LCC competition is considered to be a key ingredient of deregulation’s success in the 

United States and Europe. For instance, Morrison and Winston (2000) estimate that 

competition from Southwest Airlines accounted for more than 40% of the fare savings from 

US deregulation. We would expect that LCCs could provide significant benefits to travelers 

if governments allow LCC expansions in markets where: airport access has been 

                                                            
1 The following mergers occurred following each other: US Airways-America West (2005), Delta-
Northwest (2008), United-Continental (2010), Southwest-AirTran (2011), American-US Airways (2014), 
and Alaska-Virgin America (2016).  
2 In aviation industry, cabotage right is the right to operate within the domestic borders of another country.  
3 Open skies is an international policy concept that calls for the liberalization of the rules and regulations of 
the international aviation industry in order to create a free-market environment for the airline industry. 
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constrained by slots and the lack of available gates; mergers have reduced the number of 

competitors; and foreign carriers have been prohibited from providing service—that is, 

cabotage rights have not granted.  

      In this paper, we address the following question: What are the welfare effects of LCC 

expansions abroad? Answer to the question is important to get a preliminary understanding 

of allowing cabotage to further deregulate aviation markets. In doing so, we first review 

the patterns of LCC’s expansions after deregulations in EU and US. According to their 

patterns, we decompose the overall effect of LCC entry into three effects: actual entry, 

potential entry and adjacent entry. We then estimate the effect of LCC entry on the average 

fare of a route by developing a novel empirical model. Finally, we compare our results with 

ones from traditional identification approach and draw policy implications. 

      It is challenging to identify the effects of LCCs’ expansions. First, usual approaches of 

implementing difference-in-differences (DID), which typically assume homogeneity over 

time holding other observables constant, are inappropriate here because LCC entries 

spanned over 10 years. Entries occurred at different time points with different market 

environments. Unobserved factors affecting market outcomes are unlikely to be constant 

over the long time period. Second, LCC entries are not exogenous since the timing of a 

LCC’s entries on different routes is mainly affected by its initial network structure. We 

cannot simply compare markets entered with ones not entered by an LCC. We cannot also 

compare pre- and post-entry periods on the markets entered by an LCC because many other 

factors also affect market outcomes. Finally, for our specific purpose here, the DID 

regression approach cannot separate the effects of actual entry, potential entry and adjacent 

presence on fares because these events may occur sequentially in a route. 
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      In order to address the above potential concerns, we design a novel quasi-experiment 

approach, DID-Matching with regression adjustment approach, to estimate the effects of 

LCCs’ expansions on fares. It compares the difference in market fare on routes entered by 

a LCC with the difference in market fare on matched routes without a LCC entry before 

and after the entry on treated routes. The DID comparison between the treated and 

controlled routes is therefore on the same time window. For each type of entry, we select 

treated routes to exclude the contamination of other types of entry. The controlled routes 

are selected from routes that were entered by the same LCC in later years -- at least two 

years later in our baseline estimation. A treated route can be matched to multiple controlled 

routes satisfying the matching criterion we defined. We call this approach the DID 

matching within the treatment group. The underlying assumption of this identification 

strategy is that the timing of a LCC’s entries on different routes is not driven by route 

characteristics but is mainly affected by its initial network structure. The initial network 

structure is largely determined by the geographic location of headquarter of the LCC. One 

concern for our identification strategy is that a treated route and a matched controlled-route 

may still have different characteristics which are correlated with route fare. In such a case, 

we remove further the possible impacts of other time-varying factors on the DID matching 

outcome via a regression adjustment.  

      We begin our exercise by estimating a Probit model to investigate the patterns of route 

entry of LCCs. The results imply that a LCC enters a route only when it already operated 

in at least one of the end-point airports; That is, actual entry is positively affected by the 

LCC’s airport presence. In EU markets, given that a LCC already operated in an end-point 

airport of a route, the probability of the LCC entering the route in a period increases if the 
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number of served routes connecting the airport by the LCC increases. We also find that 

actual entry is negatively affected by the LCC’s adjacent route presence in EU markets. In 

U.S. markets, the actual entry is, however, positively affected by adjacent own route 

presence.  

      Motivated by the patterns of LCCs’ expansions, we decompose the overall effect of 

LCC entry into three effects: actual entry, potential entry and adjacent entry. In our quasi-

experiment design, we first quantify the price effect of actual entry without prior potential 

entry, which is specific for the Southwest due to the availability of data, excluding the 

impacts of its adjacent entry.  We then estimate the fare effect of actual entry conditional 

on potential entry, excluding the impacts of the LCC’s adjacent entry. We separate 

potential entry into two types where type 1 is defined as the event when the LCC started to 

operate at only one of the end-point airports of a route but not the route itself in a quarter 

and type 2 is defined as the event when the LCC started to present at both the end-point 

airports of a route but not the route itself in a quarter. We further estimate the price effect 

of each type of potential entry, excluding the impact of LCCs’ adjacent entry. We finally 

use the DID matching approach to quantify the price effect of adjacent entry excluding the 

impacts of LCCs’ actual and potential entry.   

      We estimate the model using the data from the International Air Transportation 

Association (IATA) from 2005-2013 for the EU markets; and from the Origin and 

Destination Survey (DB1B) and T-100 Domestic Segment Data (T100) spanning from 

1993 to 2011 for the U.S. markets. Routes in our analysis are non-directional airport pairs. 

We restrict the analysis to the routes within the EU for Ryanair and Easyjet, and all 
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available routes in the U.S. for Southwest. There are 3588 such routes in EU and 13,590 

routes in U.S. in our sample.  

      Our estimates imply that LCC entry would cause at most a 20% price drop in the EU 

markets and a 30% price drop in the U.S. markets. In the EU markets, fare reductions are 

mainly caused by LCCs’ actual entries. In the U.S. markets, besides actual entry, potential 

entries can cause big price drop.   The different findings in the EU and the U.S. markets 

imply that EU markets are less competitive than US markets because of more slot and gate 

constraints and subsidized national carriers, which are weak competitors in EU markets.   

      Comparing our findings from DID matching to the traditional DID regression approach, 

the latter underestimates the effects of potential and adjacent LCC entries on fare, 

especially in the US markets. At the same time, it overestimates the effect of actual LCC 

entry and the overall effect of LCC entry on route fare. Our model is more reliable and 

accurate because we have several advantages relative to the traditional DID regression 

approach. First of all, the DID comparison in our model is between routes entered by LCC 

earlier and routes entered by the same LCC later. Compared with the regression approach, 

homogeneity between treated and controlled routes is higher. Moreover, our model enables 

us to get a cleaner DID comparison via a regression adjustment after the DID matching 

results. Finally, we are allowed to separate different entry effects from the sample selection 

process by excluding routes contaminated by other types of entry. 

      Our model also allows us to estimate the potential benefits of LCCs’ entry in markets 

facing different competition conditions in the U.S. markets. We find that Southwest’s 

potential entry caused a much larger price drop in short haul markets, which indicates that 

competitors on short routes have a larger response when the LCC presents at one airport 
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than those on long routes sharing the same end-point airport. Our results also imply that 

Southwest has a larger reduction effect on fares in less competitive markets, such as in 

highly concentrated markets, in markets where mergers reduced the number of competitors, 

and on hub routes.  

      Given the current concentrated market structure in the U.S. aviation industry, our 

findings give us some intuitive support on allowing cabotage to further deregulate aviation 

markets. EU LCCs are expected to reduce fares even further in the U.S. markets, especially 

on short haul and less competition routes. 

      Our paper contributes to the relevant literature on three strands. First, the main 

contribution to the literature is to provide a novel identification strategy for empirical 

models of studying market entry effects. Our approach, to the largest extent, addresses the 

endogeneity of entry and the heterogeneity between treatment group and control group at 

the same time. It is also suitable for investigating firms’ entry effects in industries where 

markets are geographically isolated and firms’ expansion is driven by their initial network, 

such as banking, hospital, petroleum and chain store.  

      Second, our paper is related to a series of studies on the effects of Southwest’s entry on 

fares in the U.S. markets (Windle and Dresner, 1995; Dresner, Lin and Windle, 1996; 

Morrison, 2001; Daraban and Fournier, 2008; Goolsbee and Syverson, 2008; Brueckner, 

Lee, and Singer, 2013; Gedge, Roberts and Sweeting, 2014).4 As we noted, the quantitative 

effect of LCC competition in previous studies is not well established because the 

                                                            
4 A line of literature also studied other LCCs entry effects in the U.S. domestic markets (e.g. Whinston and 
Collins, 1992; Morrison and Winston;1995). They also found large reduction effect on fares by other LCCs. 
For example, Whinston and Collins(1992) found that the entry of People Express, resulted in a drop of 34 
per cent in the mean prices on 15 routes during the period 1984-85. 
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endogeneity of LCC entry has not been adequately addressed. For instance, Morrison (2001) 

is the first paper to systematically measure the fare effects of actual, potential and adjacent 

entries of Southwest in a reduced-form framework treating entries as exogenous. Gedge, 

Roberts and Sweeting (2014) develop a model of dynamic limit pricing to provide some 

evidence against alternative explanations for why incumbent carriers cut prices 

substantially when Southwest becomes a potential entrant on a route. They also treat airport 

entry as exogenous though. Compared to ours, most previous studies find a much larger 

fare reduction effects of Southwest’s actual entry, potential entry and adjacent entry.  

      Finally, to the best of our knowledge, we are the first to provide a systematic empirical 

evidence of the fare effects of LCC entry for the EU markets. Our results provide evidence 

that EU aviation market is less competitive than the one in U.S.. We also find that fare 

reductions are mainly caused by LCCs’ actual entries. Incumbents in a market may not cut 

prices as a response to the potential entry threaten from LCCs until they have entered.   

      The rest of the paper proceeds as follows. Section 2 introduces representative LCCs’ 

expansions in both EU and US markets.  Section 3 describes the data construction and       

analyzes the patterns of route entry of LCCs using a Probit regression. In section 4, we 

develop and implement the DID identification based on a regression approach and then 

discuss the concerns of the approach. We present the novel DID matching with regression 

adjustment approach in detail in section 5. We define the time window and sample selection 

criteria for each type of entry in section 6, while section 7 discusses the baseline results 

and additional tests in the U.S. markets. Finally, we provide concluding remarks, outline 

future work and draw policy implications. 

2. LCCs’ Expansions in U.S.  and EU 
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This section introduces some stylized facts of LCCs’ expansions in both U.S. and EU 

markets. We also provide visualized evidence to review the patterns of LCC’s expansions 

after deregulations in both markets.  

2.1. Expansion of Southwest in U.S.  

      The low-cost business model was introduced by Southwest in the US at the beginning 

of the 1970s. It is now the world’s largest low-cost carrier. Southwest never stops the 

expansion process as shown in Figure 1, serving from 148 non-stop markets in 1994 to 490 

non-stop markets in 2011. When connecting markets included, Southwest has expanded 

from 501 routes in 1994 to 2228 city-pairs in 2011.  Moreover, Southwest mainly entered 

short and medium haul markets. Finally, Figure 1 also shows that Southwest started to 

expand from its initial network, from airports close to its headquarter to remote cities over 

time.  

                   Figure 1: Expansion of Southwest in the U.S. Domestic Markets. 

 

Note: Blue dots and red lines denote airports and non-stop routes, respectively.  
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      From Southwest’s history of openings-closings we find that its entry behavior mainly 

follows two patterns. The first entry pattern is entering a new destination and offering 

service from it to other existing destinations. For example, on February 17, 1997, 

Southwest announced that the company would inaugurate service from 51st destination-

JAN-in August 1997 with nonstop service to BWI, MDW, HOU, and MCO. The other 

pattern is offering new service between two destinations where Southwest is present at the 

time of entry. For instance, Southwest initiated nonstop service between LIT and PHX with 

one roundtrip each day on March 02, 1994. The carrier entered the airports in 1984 and in 

1982, respectively.  

Figure 2: Operating Costs of Selected U.S. Airlines. 

 

Notes: CASM=cents per available seat miles, adjusted by CPI in 2000 dollars. DL= Delta, WN = 
Southwest, UA= United, AS = Alaska, and B6 = JetBlue. 
Sources: U.S. SEC Filings: airlines’ 10-K annual reports 
 

      Southwest’s aggressive entry strategy has not harmed its operating efficiency. Indeed, 

as shown in Figure 2, like other low cost carriers, Southwest is able to keep its operating 
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costs at levels far below those of major hub-and-spoke carriers over the entire sampling 

period. For decades, a key element of Southwest’s service model was keeping operations 

simple and costs down by flying only one type of aircraft, the B737. The low cost advantage 

is achieved through lower aircraft maintenance costs and pilots’ training costs. Moreover, 

Southwest strategically avoid congested airports, or those with high facilities charges in 

favor of secondary, less crowded airports. As mentioned in the literature, this strategy 

lowers costs in two main ways. First, smaller and secondary airports tend to have lower 

passenger facility charges. Secondly, less congested airports allow Southwest to minimize 

congestion related delay cost and exploit their comparative advantage in providing quick-

turn service (Boguslaski, Ito and Lee, 2004). 

2.2. Ryanair and EasyJet in Europe  

      Europe’s Ryanair and EasyJet are two of the best known airlines to follow Southwest’s 

business strategy. Ryanair was one of the first airlines in Europe to adopt the low-cost 

model in 1992. In 2016, Ryanair was the largest European airline by scheduled passengers 

flown. The airline has been characterized by its rapid expansion, a result of the deregulation 

of the aviation industry in Europe in 1997 and the success of its low-cost business model. 

EasyJet has seen expansion since its establishment in 1995 and was the second-largest 

European airline by number of passengers carried in 2014. Similarly, the two LCCs’ 

expansion also show a strong endogenous network effect as shown in Appendix Figure C3. 

      Bringing Europe’s underused secondary airports into greater use has been a vital part 

of the success of low cost airlines, in particular, Ryanair (Barrett, 2004). The grandfather 

rights of incumbent airlines at hub airports would have restricted the supply of slots 

available to new entrant airlines seeking slots at hubs. Secondary airports became part of 
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the low cost airline product. Because the two LCCs operate from lesser-used non-hub 

airports, they encounter less airport congestion than airlines serving major hubs. As a result, 

LCCs brought pressure on incumbent airlines for price reductions.  

      Within the EU, airlines can now operate between any two other member countries via 

their home country and even operate domestic flights within other European member 

countries (cabotage right). Figure 3 shows the number of served routes by the two LCCs 

within the EU from January 2005 to December 2013. Apparently, the two LCCs still 

expanded rapidly in the sampling period; and they entered different markets so their 

networks do not overlap much. On the one hand, they increased competition on served 

routes. On the other hand, they tried to avoid over competition with each other.  

Figure 3: Expansion of Ryanair and Easyjet from January 2005 (2005m1) to 
December 2013 (2013m12) 
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      We also review airport presence of major LCCs after rapid expansion as shown in 

Figure 4. The left figure shows the served airports by the first three largest LCCs in the 

U.S. markets. It indicates that Southwest presents at more airports where a large proportion 

of them are not entered by the others. Second, on overlapped airports, Southwest has a 

larger market share in terms of number of quarterly flights. The right panel presents the 

airport presence of Ryanair and EasyJet in 2010. The two LCCs served 126 and 88 airports 

in our sample respectively. Even though they present at 38 airports at the same time, their 

networks do not overlap much as we mentioned above. Given all these facts, we choose 

Southwest for the U.S. and Ryanair and Easyjet for the EU as case studies. As noted later 

in detail, as a robustness check, we further remove other LCCs impact for the selected 

airlines.  

Figure 4: Airport Presence of LCCs after Rapid Expansion. 

 

Note: Each legend is scaled by the number of quarterly (monthly in the EU case) flights out of the 
airport.  

 

3. Set up and Patterns of Route Entry of LCCs 

3.1. Data and Entry Decomposition 
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EU5 data we use comes from the International Air Transportation Association (IATA), 

monthly data on airline operations and fares from 2005-2013. We use U.S. data from the 

Origin and Destination Survey (DB1B) and T-100 Domestic Segment Data (T100) 

spanning from 1993 to 2011.6 The DB1B survey is a 10% quarterly random sample of 

airline tickets reported by certified US carriers. The T-100 Domestic Segment Data contain 

monthly domestic non-stop segment information on the carrier, origin and destination, 

available capacity, departures performed, and aircraft type. 

      Routes in our analysis are non-directional airport pairs.7 We restrict the analysis to the 

routes within the EU for Ryanair and Easyjet, and all available routes in the U.S. for 

Southwest. There are 3588 such routes in EU and 13,590 routes in U.S. in our sample. The 

expansions of these LCCs to different routes over the years create many observations of 

entries and we take this opportunity as a quasi-experiment to investigate the effect of LCCs’ 

entries on the fare of an airline market. 

      Actual route entry (exit) made by a LCC is defined as the case when the LCC served 

(did not serve) a route in a month (quarter) but did not serve (served) the route in the 

previous period.8 Under this definition, we observe 500 entries on 377 routes and 211 exits 

on 150 routes for Ryanair Airlines; 438 entries on 323 routes and 231 exits on 134 routes 

for Easyjet. Figure 3 summarizes the number of entries and exits made by the two LCCs 

                                                            
5 EU includes UK.  
6 In April 2011, Southwest merged with another LCC AirTran Airways (FL). At the time, AirTran is ranked 
eighth overall and third for LCCs in U.S. domestic markets. To exclude the potential effect of structural 
change, we only use data until 2011. 
7 The results of Morrison (2001) and Goolsbee and Syverson (2008) show that the airport-pair approach 
should be used when competition from adjacent airports is taken into account. 
8 Particularly, we consider the airline entered a route if it served the route through non-stop or one-stop 
connecting flights at least for 6 quarters and offered at least one flight every two days, i.e. 45 flights a quarter. 
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over the sampling period. There are strong time patterns of the LCCs’ entry and exit; both 

the two LCCs’ tend to adjust their networks via entry and exit in April and November of a 

year; about 60% of Ryanair’s entries and exits and about 50% of Easyjet’s entries and exits 

are made in April and November.      

Figure 5: Entries and exits made by Ryanair and Easyjet in a month over the years 

 

      Southwest seldom exits an airport or a city-pair market. The carrier only ceased 

operations in three airports, DET (1993), SFO (2001) and IAH (2005), over the sampling 

period. Note that the exit from an airport does not imply exiting from the city since a city 

may include multiple airports. For example, after exit from SFO, Southwest keeps offering 

service from OAK which belongs to the same metropolitan area as SFO. Given this, we 

only observe 8 non-stop market exits made by Southwest and all happened after financial 

crisis.  

      Potential entry is defined as the case when a LCC was present in at least one of the 

end-point airports but not the airport-pair market itself in the period. We use 100-kilometer 

(62.5-mile) 9  radius to define adjacent competitive routes. That is, two airports are 

considered as adjacent airports if the distance between them is less than 100 kilometers. A 

                                                            
9 Morrison (2001) used 75-mile radius to define adjacent competitive routes. He finds that it provided the 
best fit compared with zones of 25, 50, 100, and 125 miles.  Dresner et al. (1996) used 50-mile radius. 
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route’s adjacent routes consist of routes that at least one endpoint is an adjacent airport, 

with the alternative endpoint being the same. Particularly, we evaluate the fare effect of a 

LCC’s adjacent entry where both end-point airports of parallel route are adjacent airports 

of the entered route by the LCC. To avoid double counting, if the airline entered the route 

in question followed by its entry on adjacent routes, we only calculate the actual entry 

effect on fares. 

3.2. Patterns of Route Entry of LCCs.  

      We run a Probit regression to estimate the conditional probability 

( )Pr 1 , ,ijt jt it i td X Z Z ′= , where ijtd is a binary indicator which takes 1 if LCC entered route

j the first-time in time t 10; jtX is a vector of market characteristics such as distance and 

market size; itZ is the vector of variables measuring the LCC’s network and i tZ ′ is a vector 

of variables measuring the competitors’ networks at the time of entry.  

      Table 1 summarizes the estimation results. On the one hand, common in both markets, 

a LCC enters a route only when it already operated in at least one of the end-point airports; 

That is, actual entry is positively affected by the LCC’s airport presence. On the other hand, 

the two markets also show different entry patterns. In the EU markets, given that a LCC 

already operated in an end-point airport of a route, the probability of the LCC entering the 

route in a period increases if the number of served routes connecting the airport by the LCC 

increases. We also find that actual entry is negatively affected by the LCC’s adjacent route 

presence in the EU markets. In the U.S. markets, the actual entry is, however, positively  

                                                            
10 We exclude re-entries of a LCC on a route because the re-entry decisions can be affected by previous 
entries and exits of the LCC.   
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Table 1: Spatial entry patterns of LCCs from Probit regressions (Dependent variable: the dummy of the first-time route entry) 
Variables Note Ryanair 

(1) 
Easyjet 

(2) 
Southwest 

(3) 
Constant  -3.2791 

(0.2175) 
-3.9192 
(0.2147) 

-4.8442 
(0.1435) 

Geometric mean of population of end-point 
catchment areas 

The value of current period -0.0228 
(0.0150) 

0.0129 
(0.0132) 

-0.0067 
(0.0088) 

Geometric mean of income-per-capita of end-
point catchment areas 

The value of current period -0.0817 
(0.0245) 

0.0481 
(0.0248) 

0.0095 
(0.0030) 

Route distance  0.0910 
(0.2886) 

0.0337 
(0.0346) 

-0.0115 
(0.0163) 

Percentage of first and business passengers in the 
regional market  

The average value in previous 
year  

0.0117 
(0.0928) 

-0.0599 
(0.0187) 

-- 

Dummy of airport presence at one of the end-
point airports 

The status of previous period 0.6136 
(0.1801) 

0.1450 
(0.1625) 

1.1388 
(0.1027) 

Dummy of airport presence at one of the end-
point airports × Number of served routes 
connecting the airport 

The value of previous period 0.0198 
(0.0015) 

0.0259 
(0.0023) 

-0.0015 
(0.0009) 

Dummy of airport presence at both end-point 
airports 

The status of previous period 1.6303 
(0.1760) 

0.7785 
(0.1558) 

2.1022 
(0.1078) 

Dummy of airport presence at both end-point 
airports × Number of served routes connecting 
the two airports 

The value of previous period 0.0032 
(0.0013) 

0.0149 
(0.0019) 

-0.0136 
(0.0009) 

Dummy of adjacent route presence  The status of previous period.  -0.7568 
(0.0596) 

 

-0.8550 
(0.0879) 

0.3298 
(0.0238) 

Dummy of route presence of the other LCC The status of previous period  -0.1129 
(0.1035) 

-0.3585 
(0.1738) 

-- 

Dummy of adjacent route presence of the other 
LCC 

The status of previous period -0.0113 
(0.0804) 

-0.2159 
(0.0848) 

-- 

Dummy of airport presence of the other LCC at 
one of the end-point airports 

The status of previous period 0.2355 
(0.0747) 

0.1774 
(0.0631) 

-- 

Dummy of airport presence of the other LCC at 
one of the end-point airports × Number of served 
routes connecting the airport by the other LCC 

The value of previous period -0.0061 
(0.0041) 

-0.0141 
(0.0038) 

-- 

Dummy of airport presence of the other LCC at 
both end-point airports 

The status of previous period 0.2619 
(0.0873) 

0.1973 
(0.1034) 

-- 

Dummy of airport presence of the other LCC at 
both end-point airports × Number of served 
routes connecting the two airports by the other 
LCC 

The value of previous period -0.0029 
(0.0030) 

-0.0073 
(0.0038) 

-- 

Average flights-to-runway ratio at end-point 
airports 

The average value in previous 
year 

-0.2421 
(0.2543) 

0.0512 
(0.2444) 

-- 

Maximal flights-to-runway ratio at end-point 
airports 

The average value in previous 
year 

-0.1233 
(0.1656) 

-0.0680 
(0.1682) 

-- 

Number of seats in regional market The average value in previous 
year 

0.0265 
(0.0045) 

0.0112 
(0.0042) 

-- 

Number of flights in the regional market The average value in previous 
year 

-0.0043 
(0.0007) 

-0.0012 
(0.0005) 

-0.0034 
(0.0022) 

Number of carriers in the regional market The average value in previous 
year 

-0.0053 
(0.0062) 

0.0054 
(0.0060) 

0.0106 
(0.0078) 

HHI of the regional market The average value in previous 
year.  

-0.5900 
(0.0967) 

-0.2046 
(0.1047) 

0.0332 
(0.0649) 

Number of legacy carriers in the regional market  The average value in previous 
year 

-- -- 0.1246 
(0.0108) 

Vacation dummy 1 if at least one of the two airports 
is located in Florida or Nevada 

-- -- 0.0585 
(0.0238) 

Hub route dummy 1 if only one airport is the hub of 
some major full service airlines 

-- -- -0.0300 
(0.0208) 

Double hub route dummy 1 if both the two airports are hubs 
of some major full service airlines 

-- -- -0.0431 
(0.0386) 

Pseudo R2  0.18 0.16 0.14 
Number of routes  3,573 3,573 13,569 
Number of Observations   258,322 258,322 666,371 

Notes: period = month for Ryanair and Easyjet, and = quarter for Southwest respectively; Adjacent routes are the nearby parallel routes 
to the one under consideration. The end-point airports of an adjacent route are located within 100km of the end-point airports of the 
route under consideration; The HHI is calculated based on the seats (passengers in Southwest case) of carriers in a market. 
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affected by adjacent own route presence. If competitors in a market know these patterns of 

LCC entry, they would respond to the potential entry of a LCC even before the LCC 

actually enters the route. 

4.  Regression Implementation of DID Identification 

Given that we have sizable observations on LCCs’ entries during the sampling period and 

a large number of routes which had never been entered by a LCC in the same period, we 

can use the difference-in-differences (DID) approach to identify the effect of a LCC’s entry 

on route average fare, which is the average product price weighted by product passengers. 

We define a product in a route as the combination of carrier, itinerary and ticket class (first, 

business, economy full, economy discount and others).11 We first implement the DID 

identification based on a regression approach and then discuss the concerns of the approach. 

Given the concerns, we propose a novel DID matching approach to identify the price effect 

of a LCC’s entry.  

      The regression equation to implement the DID estimation is 

( ) 1 2 3

4

5

6

ln LCCroute LCCadjacent LCConeairport LCCconnectivity
             LCCtwoairport LCCconnectivity
             LCConeairport LCCconnectivity noLCC
             LCCtwoair

it it it it it

it it

it it i

y α α α
α
α
α

= + + × +

× +
× × +

( ) ( )7 8

port LCCconnectivity noLCC
             ln Pax  ln Ncarriers

it it i

it it y m i itα α µ µ µ ε
× × +

+ + + + +

    

(1) 

where 

                                                            
11 The fare classification is not based on fare class code in the DB1B dataset because it is defined by 

carriers and may not follow the same standard. Therefore, the average fare in a route in U.S. domestic markets 
is simply weighted by number of passengers.  
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ity : the average fare weighted by number of ticket-class passengers in route i  and time t ;   

itLCCroute : A dummy indicating that route i  is served by one of the LCCs in question in 

period t ; 

LCCadjacent it : A dummy indicating that one of the adjacent routes of route i  but not route 

i  itself is served by a LCC in time t ; 

LCConeairport it : A dummy indicating that one of the end-point airports of route i  but not 

route i  itself is served by a LCC in time t ; 

LCCtwoairport it : A dummy indicating that both the end-point airports of route i  but not 

route i  itself is served by a LCC in time t ; 

LCCconnectivityit : Number of a LCC’s served routes connecting to the end-point airports 

of route i  in period t . In the EU case, if both the two LCCs operate at the end-point 

airports, we take the one with the larger number of served routes;   

inoLCC : A dummy indicating that a LCC had never entered route i  during the sampling 

period;   

itPax : Number of route passengers;  

itNcarriers : Number of carriers serving the route in time t ;    

imy µµµ   and  , : year, month/quarter and route fixed effects;  

   Table 2 shows the DID regression results of LCCs’ entry effects on route fares. We 

use the geometric mean of population of end-point cities as the IV of the endogenous 

number of passengers. The IV regressions imply that on average, LCCs’ actual entry 

reduced fares by 39% in the EU markets and by 26% in the U.S. markets, respectively. 

LCCs’ potential entries have little effect on fares in the EU markets when they only 

presented at one airport. However, LCC potential competition caused a 5% price drop in 
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the EU markets when presenting at both airports and Southwest’s potential entry caused a 

larger fare drop in the U.S. markets. Finally, the adjacent entry of an LCC has different 

effects on fares in EU and US markets. Route average fares tend to slightly rise in US 

markets but tend to drop in EU markets after an LCC makes an adjacent entry.     

Table 2: DID regression results of LCCs’ entry effects on average route fare. 
Variables Ryanair and Easyjet Southwest 
 OLS 

(1) 
IV 
(2) 

OLS 
(3) 

IV 
(4) 

LCC route presence -0.2976 
(0.0035) 

-0.3895 
(0.0066) 

-0.2080 
(0.0028) 

-0.2607 
(0.0033) 

LCC adjacent presence -0.0308 
(0.0030) 

-0.0330 
(0.0032) 

0.0183 
(0.0035) 

0.0199 
(0.0038) 

LCC one-airport presence × LCC 
connectivity   

0.0052 
(0.0126) 

0.0089 
(0.0134) 

0.0500 
(0.0081) 

-0.0605 
(0.0093) 

LCC two-airport presence × LCC 
connectivity   

-0.0435 
(0.0109) 

-0.0491 
(0.0116) 

0.0242 
(0.0047) 

-0.0672 
(0.0056) 

LCC one-airport presence × LCC 
connectivity × dummy of no LCC entry 
in the sample period 

0.0011 
(0.0004) 

-0.0018 
(0.0004) 

-0.2159 
(0.0083) 

-0.1549 
(0.0092) 

LCC two-airport presence × LCC 
connectivity × dummy of no LCC entry 
in the sample period 

-0.0001 
(0.0003) 

-0.0062 
(0.0005) 

-0.1344 
(0.0101) 

-0.0520 
(0.0111) 

Log of number of passengers -0.0539 
(0.0009) 

0.1165 
(0.0101) 

-0.0807 
(0.0004) 

0.0641 
(0.0041) 

Log of number of carriers 0.0078 
(0.0016) 

-0.0445 
(0.0035) 

0.00004 
(0.0008) 

-0.0999 
(0.0029) 

Year dummies included?  YES YES YES YES 
Month (Quarter) dummies included? YES YES YES YES 
Route dummies included? YES YES YES YES 
Number of routes 3,573 3,573 13,590 13,590 
Number of observations 289,546 289,546 762,534 762,534 
R2 

     within 
     between 
     overall 

 
0.15 
0.47 
0.35 

 
0.03 
0.17 
0.13 

 
0.20 
0.16 
0.19 

 
0.07 
0.02 
0.01 

Note: In the IV estimations, we use geometric mean of population of end-point cities as the instrument for 
log passengers. 

      Basically, we use a fixed-effects panel-data model to implement the DID estimation 

and the identification relies on the assumption that the route and time dummies capture the 

unobserved route-specific factors and time effects which are correlated with the regressors. 

Such an identification assumption may be strong given that we have a large panel of more 

than 3500 routes from January 2005 to December 2013 in the EU sample and 13,590 routes 
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from the first quarter of 1993 to the fourth quarter of 2011 in the U.S. sample. The 

difference across routes is expected to vary over the years such that the fixed route-effects 

cannot capture the time-varying heterogeneity. The regression implementation of DID 

compares treatment and control group across years because the entries of the LCCs on the 

treated routes spread over the years. The time-varying route heterogeneity causes such a 

comparison to be problematic.  

      Another problem of the regression approach is that we cannot separate the effects of 

actual entry, potential entry and adjacent presence on fares because these events may occur 

sequentially in a route. For example, the actual entry of a LCC in a route may be only 

several months after its potential entry. If we have many such routes in estimation, the 

identification to the coefficients of the actual and potential entry dummy is contaminated.   

5.  A DID Matching with Regression Adjustment Approach 

The large sample size of our data in both cross-section and time-series allows us to 

incorporate more designs which address the above identification issues in the regression 

approach. In particular, we use a DID matching approach, which compares the difference 

in market fare on routes entered by a LCC with the difference in market fare on matched 

routes without a LCC entry before and after the entry on treated routes, to identify the effect 

of LCC entry on market fare. The DID comparison between the treated and controlled 

routes is therefore on the same time window. Moreover, we separate the effects of adjacent, 

potential and actual entry of LCCs on route fare in the DID matching approach by first 

quantifying the price effect of actual entry conditional on potential entry and then 

quantifying the price effect of potential entry, excluding the impact of LCCs’ adjacent entry. 
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We finally use the DID matching approach to quantify the price effect of adjacent entry 

excluding the impacts of LCCs’ actual and potential entry.     

      A treated route can be matched to multiple controlled routes satisfying the matching 

criterion as denoted later for each case. For a treated route denoted by i , we use pre
iy  and 

post
iy to denote the outcomes of interest – route average fare weighted by number of 

passengers, on the treated route before and after the LCC’s entry respectively12. For a 

matched route 'i ,  '
pre

iy  and '
post

iy are the outcomes of interest on the matched route before 

and after the LCC’s entry on the treated route respectively. The non-parametric DID 

comparison on a matched pair is given by    

 

change rate of average fare change rate of average fare
in a treated route in a matched route, capturing

the time trend of fare change in
the c

post pre post pre
i i i i

ii pre pre
i i

y y y y
y y

τ ′ ′
′

′

   − −
= −   

   


net change rate of route average fare caused by a LCC entry

ounterfactual scenario without
a LCC entry





            (2) 

iiτ ′ measures the net change rate of route average fare caused by a LCC’s entry. The first 

term on the right hand side is the change rate of average fare in a treated route. And the 

second term is the change rate of average fare in a matched route, capturing the time trend 

of fare change in the counterfactual scenario without a LCC entry. 

      One concern for the DID matching identification strategy is that a treated route and a 

matched controlled-route may have different characteristics which are correlated with route 

fare. In such a case, the time-trends of route fare on the treated and the matched route are 

different. Although the DID calculation removes the fixed route effects, iiτ ′ in equation (2) 

                                                            
12 The route average fare is averaged over the quarters in pre and post entry period respectively.  
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can be affected by many route characteristics which vary over time.  In order to address 

this identification concern, we construct variables such as number of carriers, number of 

passengers and the Herfindahl-Hirschman Index (HHI) for each non-directional city-pair 

market. We compile also data on population and per capita income for each city in our 

sample and from the data we construct the geometric mean of population and per capita 

income for each city-pair market. We use these variables as control variables to control for 

the difference between treated and controlled routes.  

      One possible way to use these control variables is to follow the traditional matching 

approach to match the treated route with only controlled routes with similar characteristics. 

However, such an approach is hard to be applied to our problem because we have panel 

data with multiple periods; The DID identification is affected by the change of these control 

variables on controlled routes relative to the one on the treated route. Matching controlled 

routes to a treated one based on the similarity in the control variables cannot account for 

the dynamic nature in the data.  

      We therefore propose a way first to compute the DID as in equation (2) and then remove 

the effects of these control variables on the computed outcome. Formally, we compute the 

DID for each of the control variables as the way of computing the DID for the route average 

fare. We use ( ) ( )' ' '
post pre post pre

ii i i i iX X X X X∆ = − − − to denote the vector of the DID of the 

control variables between a treated route i and a controlled route 'i and run the following 

regression without a constant term:   

      ' ' 'ii ii iiX Bτ ε= ∆ +                                                                               (3) 

If the DID of route average fare is completely determined by the DID of control variables, 

' ' 'ˆ ˆii ii iiε τ τ≡ − , where 'îiτ  is the predicted value from regression equation (3), is expected to 
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be close to zero. A non-zero 'îiε  can be interpreted as the net effect of the LCC’s entry on 

route average fare. We can therefore use  

1 1 ˆ
i

i ii
i i

N M eδ − −
′

′∈Ψ ∈Γ

 
=  

 
∑ ∑                                (4) 

to estimate the average treatment effect of a LCC’s entry on route average fare excluding 

the effects of observed market characteristics. The set of matched routes to the treated one 

is denoted by iΓ  and iM  denotes the number of routes in the set. The set of treated routes 

is denoted by Ψ and N is the total number of matched pairs. 

      We use the bootstrap technique to construct the confidence interval of the estimator 

defined in equation (4). We randomly sample the matched pairs ( ), 'i i with replacement to 

obtain a bootstrapped sample with the same size as the original sample of matched pairs. 

The δ is computed on the bootstrapped sample. Repeating this process for 100 times, we 

use the empirical distribution of the δ over the bootstrapped samples to construct the 

confidence interval of the estimator.  

      Another concern for the DID matching identification strategy is that the LCCs may 

strategically entered routes based on unobserved market characteristics which are 

correlated with route fares. Our empirical strategy to address this identification concern is 

that, for a treated route, we can restrict the set of controlled routes of matching it to the 

ones where the LCC entered in later years – at least two years later in our baseline 

estimation.13 We call this approach the DID matching within the treatment group. The 

                                                            
13 We conduct sensitivity analysis on the threshold. 
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underlying assumption of this identification strategy is that the timing of a LCC’s entries 

on different routes is not driven by route characteristics but is mainly affected by its initial 

network structure. This assumption seems plausible because as shown in Table 1, a LCC 

enters a route only when the LCC already presented at one of end-point airports and the 

likelihood of entry increases when the LCC presented at both the end-point airports. The 

initial network structure is largely determined by the geographic location of home country 

(or headquarter) of the LCC.   

6. Sample Matching Criteria 

6.1. Time Window  

The DID calculation is on the following time window: 12-4 months before the actual route 

entry as the pre-entry period and the 18 months after the entry as the post-entry period. 

Within the post-entry period, we define 0-6 months after the entry as the short-run, 7-12 

months after the entry as the medium-run and 13-18 months after the entry as the long-run. 

Demonstration 1 describes the timeline of defining a treated route. Because the potential 

entry was made at least 18 months before the actual entry, it is unlikely to affect the market 

fare in the pre-period. We do not include the 3 months14 right before the entry in the pre-

entry period because there may be a time lag from announcing the entry to serving the route. 

Restricting the DID calculation on the time window avoids comparing treated and 

controlled routes over a long period over which route fares may be affected by unobserved 

time-varying route heterogeneity.   

                                                            
14 We notice that the time gap between the time of entry announcement and actual entry time is, on average, 
slightly more than one quarter. Therefore, in the U.S. case, we exclude 2 quarters before the actual entry of 
Southwest in a market.  
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Demonstration 1. Timeline (in month) of defining a treated route of a LCC’s actual entry. 

      Accordingly, Demonstration 2 shows the timeline of determining the set of controlled 

routes to match a treated one. The LCC started to present at least one of the end-point 

airports on the controlled route at least 18 months before the actual entry on the treated 

route. To avoid the potential effect of the actual entry on the controlled route on the 

estimation of post entry long-run effect, the LCC’s actual entry on the controlled route 

must at least 24 months after the actual entry on the treated route. 

 
 
 
 
 
 
 
 
  
Demonstration 2. Timeline (in month) of defining a controlled route to a treated one 
from the routes entered by the same LCC. 
 
 
 6.2. Sample Selection 

      In this section, we provide details in choosing treated routes and controlled routes for 

actual, potential and adjacent entry of LCCs, respectively. We separate the effects of actual, 

potential and adjacent entry of LCCs on route fare into four modules. We first choose 
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matched pairs to quantify the price effect of actual entry without prior potential entry and 

then define the sample for quantifying the fare effect of actual entry conditional on potential 

entry. We separate potential entry into two types where type 1 is defined as the event when 

the LCC started to operate at only one of the end-point airports of a route but not the route 

itself in a quarter and type 2 is defined as the event when the LCC started to present at both 

the end-point airports of a route but not the route itself in a quarter. We then estimate the 

price effect of each type of potential entry, excluding the impact of LCCs’ adjacent entry. 

We finally use the DID matching approach to quantify the price effect of adjacent entry 

excluding the impacts of LCCs’ actual and potential entry.     

Module 1: The fare effect of Southwest’s actual entry without prior potential entry before 

its actual entry and excluding the impacts of its adjacent entry. 

      This module is specific for Southwest because of the availability of sample from the 

larger size of routes in U.S. markets. We use the following criteria to select treatment group 

of actual entries in this case: i) Southwest entered this route after 1993 and stayed in this 

route at least for 8 quarters; ii) Southwest did not potentially enter the route before its actual 

entry; or iii) Southwest did indeed potentially enter the route but the potential entry was 

made at most 2 quarters before the actual entry; and iv) Southwest did not serve an adjacent 

route before the actual entry. 

      A controlled route matched to a treated one satisfies the following conditions: i) it is 

not adjacent to the treated route; ii) Southwest did not serve the route and the route’s 

adjacent routes up to 8 quarters after the actual entry on the treated route; and iii) Southwest 

did not potentially enter the route between 6 quarters before and 8 quarters after the actual 

entry on the treated route. iv) Southwest had the same status of airport presence on the 
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controlled route which it entered in later years as on the treated route within 6 quarters 

before its actual entry on the treated route. 

Module 2: The effect of LCCs’ actual entry on route fare conditional on the LCCs’ 

potential entry and excluding the impacts of the LCCs’ adjacent entry. 

      We consider two types of a LCC’s actual entry based on the types of its potential entry 

and analyze their effects on route fare separately. A route is included in the treatment group 

of actual entries for the two LCCs in EU if the following conditions are satisfied: i) one of 

the two LCCs initiated its service on this route in a month after July 2006 and stayed in 

this route after the entry;  ii) the LCC potentially entered the route before its actual entry 

and the potential entry was made at least 18 months before the actual entry; iii) the LCC 

which made the actual entry did not serve an adjacent route before the actual entry; iv) the 

other LCC did not serve both the route and an adjacent route up to 24 months after the 

actual entry; and v) the other LCC did not potentially enter the route within 18 months 

before the actual entry. 

      A controlled route matched to a treated one satisfies the following conditions: i) it is 

not adjacent to the treated route; ii) a LCC did not serve the route and the route’s adjacent 

routes up to 24 months after the actual entry on the treated route; iii) a LCC did not 

potentially enter the route between 18 months before and 24 months after the actual entry 

on the treated route; and iv) the LCC which actually entered the treated route has the same 

status of airport presence on the controlled route as on the treated route within 18 months 

before its actual entry on the treated route. 
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      A treated route in both types for Southwest satisfies the following conditions: i) 

Southwest entered this route after the second quarter of 1994 and stayed in this route at 

least for 8 quarters; ii) Southwest potentially entered the route at least 6 quarters before the 

actual entry; and iii) Southwest did not serve an adjacent route before the actual entry. 

      A controlled route matched to a treated one of Southwest satisfies the following 

conditions: i) it is not adjacent to the treated route; ii) Southwest did not serve the route 

and the route’s adjacent routes up to 8 quarters after the actual entry on the treated route; 

and iii) Southwest did not potentially enter the route between 6 quarters before and 8 

quarters after the actual entry on the treated route; and iv) Southwest had the same status 

of airport presence on the controlled route which it entered in later years as on the treated 

route within 6 quarters before its actual entry on the treated route. 

Module 3: The effect of LCCs’ potential entry on route fare excluding the impacts of the 

LCCs’ actual and adjacent entry. 

      As defined earlier, we consider two types of LCCs’ potential entry and analyze their 

effects on route fare separately. A treated route in EU satisfies the following conditions: i) 

one of the two LCCs started to operate at only one of (both for type 2) the end-point airports 

of a route but not the route itself in a month after July 2006 and stayed in the airports 

afterward; ii) if the LCC started its service at the two airports sequentially, the time interval 

between entering the two airports is not less than 24 months (18 months for type 2); iii) the 

LCC did not actually enter the route within 24 months after its potential entry; iv) the LCC 

did not serve both the end-point airports of an adjacent route before the potential entry; v) 

if the LCC operated at airports of adjacent routes before the potential entry, the most recent 

time that the LCC started its service at one of these airports must be at least 18 months 
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before the potential entry; and vi) the other LCC did not serve the route interval between  

which made the actual entry did not serve an adjacent route and the other LCC did not 

serve both the route and an adjacent route before the actual entry.  

      A controlled route matched to a treated one defined in Demonstration 1 satisfies the 

following conditions: i) it is not adjacent to the treated route; ii) a LCC did not serve the 

route and the route’s adjacent routes up to 24 months after the actual entry on the treated 

route; and iii) at least one LCC potentially entered the route and the potential entries were 

made at least 18 months before the actual entry on the treated route.  

      Similarly, a treated route in U.S. satisfies the following conditions: i) Southwest started 

to serve one of (both for type 2) the end-point airports of a route but not the route itself 

after the second quarter of 1994 and stayed in the airport afterward; ii) if Southwest started 

its service at the two airports sequentially, the time interval between entering the two 

airports is not less than 8 quarters (6 quarters for type 2); iii) the carrier did not actually 

enter the route within 8 quarters after its potential entry; iv) the carrier did not potentially 

entered an adjacent route before the potential entry on the treated route; and v) Southwest 

did not serve an adjacent route on the same time window. 

      A controlled route matched to a treated one satisfies the following conditions: i) it is 

not adjacent to the treated route; ii) Southwest did not serve the route and the route’s 

adjacent routes up to 8 quarters after the potential entry on the treated route; iii) Southwest 

did not potentially enter the route up to 8 quarters after the potential entry on the treated 

route; and iv) the controlled route has similar distance to the treated one. 
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Module 4: The effect of LCCs’ adjacent entry on route fare excluding the impacts of the 

LCCs’ actual and potential entry. 

      A treated route in EU satisfies the following conditions: i) one of the two LCCs started 

to operate at least one of  the route’s adjacent routes but not the route itself in a month after 

July 2006 and stayed the status at least for 24 months; ii) the LCC did not potentially enter 

the route up to 24 months after the adjacent entry on the treated route; and iii) the other 

LCC did not serve the route interval between which made the actual entry did not serve an 

adjacent route and the other LCC did not serve both the route and an adjacent route before 

the actual entry.  

      A controlled route matched to a treated one defined in Demonstration 1 satisfies the 

following conditions: i) it is not adjacent to the treated route; ii) a LCC did not serve the 

route and the route’s adjacent routes up to 24 months after the actual entry on the treated 

route; and iii) at least one LCC potentially entered the route and the potential entries were 

made at least 18 months before the actual entry on the treated route.  

      A treated route in U.S. satisfies the following conditions: i) Southwest started to serve 

at least one of the route’s adjacent routes but not the route itself after the second quarter of 

1994 and stayed the status at least for 8 quarters; and ii) Southwest did not potentially enter 

the route up to 8 quarters after the adjacent entry on the treated route. 

      A controlled route matched to a treated one satisfies the following conditions: i) it is 

not adjacent to the treated route; ii) Southwest did not serve the route and the route’s 

adjacent routes up to 8 quarters after the adjacent entry on the treated route; iii) Southwest 
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did not potentially enter the route up to 8 quarters after the adjacent entry on the treated 

route; and iv) the controlled route has similar distance to the treated one. 

6.3. Balancing Test 

      One concern for our sample selection procedure is that the matched treated routes may 

not represent the whole entered routes by a LCC. Therefore, the test of standardized 

differences is used here to illustrate the similarity between all routes affected by a LCC and 

matched treated routes for each case. We take Southwest case as an example. The test was 

first described in Rosenbaum and Rubin (1985) to check the balance between the treatment 

and comparison group. The standardized difference is defined as: 

( )
( ) ( )2 2

100.

2

F M

F M

X XB X
S X S X

−
=

+
                                                        (5) 

where for each covariate, FX  and MX are the sample means for the full affected routes and 

matched treated routes, and ( )2
FS X and ( )2

MS X are the corresponding sample variances. 

Intuitively, the standardized difference considers the size of the difference in means of a 

conditioning variable, scaled by the square root of the variances in the samples. Rosenbaum 

and Rubin (1985) suggest that for each covariate, imbalance is defined as the absolute value 

greater than 20. Since the matched treated routes are not selected using market attributes, 

we use a more lenient rule that considers a standardized difference greater than 40 as large.  

      Table 3 reports the standardized differences for chosen variates in the U.S. sample. It 

shows that the most important variable route average fare is balanced in any case, with all 

standardized differences smaller than 20. Most of the standardized differences have 
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absolute values smaller than 40, which indicates that they pass the balancing test. However, 

the variables number of carriers and HHI of the city market for type 2 in module 3 as 

defined above have standardized differences larger than 40, which is an indication that 

there are some differences in these covariates between the two groups.  

Table 3: Test for Standardized Differences in the U.S. sample. 
Variable Module 1 Module 2  Module 3  Module 4 
  Type 1 Type 2  Type 1 Type 2   
Fare 6.7 19.0 1.7  7.2 -19.4  -5.3 
Distance -1.5 7.7 -31.1  0 -5.9  -4.4 
No. of carriers -19.2 4.2 -17.5  -19.2 40.0  11.6 
HHI 0 6.1 10.8  15.4 -41.8  -20.4 
Population -19.5 18.7 -21.7  -11.4 12.2  7.4 
PCI -4.7 16.5 4.4  0 2.2  6.9 

Note: Fare = average route fare; Distance = route distance; No. of carriers = number of carriers in 

the city-pair market; HHI = market concentration index of the city-pair market; Population = 

geometric mean of population of end-point cities; and PCI = geometric mean of per capita income 

of end-point cities.  

      Even though the route average fare is balanced in each case, a big concern is whether 

it follows similar patterns before and after (actual/potential/adjacent) entry between the 

two groups. To test this, we also calculate its standardized differences before and after 

entry in each case as shown in Table 4.  It shows that except the one in type 2 of module 3, 

all standardized differences are smaller than 20. The standardized difference after entry in 

type 2 of module 3 is (-44.4), which implies that the fare effect in this category might be 

underestimated. The bias is not serious because the higher fare in the matched treatment 

group is associated with less number of carriers and higher competition concentration as 

shown in Table 3. As we noted earlier, we remove the effects of these control variables on 

the computed outcome. Generally, in our model the matched treated routes are able to 

represent the full samples for each case, which implies that the potential sample selection 

issue is negligible.  
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Table 4: Standardized Differences of Route Average Fare in the U.S. sample. 
Entry pattern Standardized difference 

before entry 
Standardized difference after 

entry 
Module 1 -7.7 6.5 
Module 2: Type 1 -5.2 15.0 
Module 2: Type 2 0 -5.7 
Module 3: Type 1 0 15.0 
Module 3: Type 2 1.2 -44.4 
Module 4 -7.9 -12.0 

 

7.  Estimation Results 

7.1. Baseline Results 

We report the estimated fare effects of actual, potential and adjacent entry of LCCs in 

separate tables corresponding to four modules. Table 5 presents the fare effect of 

Southwest’s actual entry without relying on potential entry. The LCC enters a route in less 

than two quarter after its potential entry. It caused 10-14% price drop on average in the 

U.S. markets as shown in column (1) in Table 5. We also report Southwest’s actual entry 

effect on connecting route fares only in column (3), which shows a very similar effect to 

the overall effect. Note that we would have overestimated the fare effects as shown in 

column (2) and (4) if we did not exclude the effects of observed market characteristics. 

Hereafter, we only report results with regression adjustment.   

Table 5: DID matching results on the effect of Southwest’s actual entry without prior potential entry on route average fare. 
 All routes entered   Connecting routes entered only 
 Excluding the effects 

of observed market 
characteristics 

(1) 

Without excluding the 
effects of observed 
market characteristics 

(2) 

 Excluding the effects 
of observed market 
characteristics 

(3) 

Without excluding the 
effects of observed 
market characteristics 

(4) 
Short-run effect (1-2 
quarters after entry) 

-10.2% 
[-10.5%, -9.8%] 

-23.8% 
[-24.2%, -23.4%] 

 -11.3% 
[-11.6%, -10.9%] 

-20.4% 
[-20.8%, -20.0%] 

Medium-run effect (3-4 
quarters after entry) 

-13.2% 
[-13.6%, -12.7%] 

-24.3% 
[-24.8%, -23.8%] 

 -13.1% 
[-13.5%, -12.5%] 

-21.0% 
[-21.6%, -20.5%] 

Long-run effect (5-6 
quarters after entry) 

-13.7% 
[-14.1%, -13.2%] 

-24.6% 
[-25.1%, -24.2%] 

 -13.4% 
[-14.0%, -13.0%] 

-20.8% 
[-21.4%, -20.4%] 

Number of treated routes 227 227  161 161 
Number of observations 9,093 9,093  5,204 5,204 
Note: we report median along with [5%-ile, 95%-ile] for each of the effects. The confidence interval is calculated using the bootstrap 
technique. 
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      Table 6 reports LCCs actual entry effects conditional on potential entry. Conditional 

on presenting at one or both end-point airports, a LCC reduced fares about 14-15% in the 

short and medium run in the EU markets as reported in column (1). However, the effect 

dropped to 10% in the long run.  In the U.S. markets, as reported in the last two columns, 

Southwest entry conditional on presenting at only one end-point airport led price to 

decrease about 18% over time and entry conditional on operating at both end-point airports 

reduced price by 4-5%. These imply that competitors in a market take different pricing 

strategies to respond to different patterns of actual entries of a LCC.  

Table 6: DID matching results on the effect of a LCC’s actual entry with potential entry on route average fare. 
 EU 

Conditional on both types 
of potential entry 

(1) 

US 
conditional on Type 1 

potential entrya 

 (2) 

US 
conditional on Type 2 

potential entrya 

(3) 
Short-run effect (0-6 months after 
entry) 

-14% 
[-16%, -12%] 

-17.7% 
[-18.7%, -16.9%] 

-4.0% 
[-4.6%, -3.4%] 

Medium-run effect (6-12 months 
after entry) 

-15% 
[-17%, -12%] 

-17.5% 
[-18.2%, -16.8%] 

-5.0% 
[-5.7%, -4.4%] 

Long-run effect (12-18 months 
after entry) 

-10% 
[-13%, -8%] 

-18.8% 
[-19.9%, -17.8%] 

-3.8% 
[-4.5%, -3.0%] 

Number of treated routes 120 159 136 
Number of observations  477 2,925 1,800 

a Southwest did not potentially enter the controlled route up to 8 quarters after the actual entry on the treated route. 
Note: Type 1 potential entry = present at only one end-point airport; Type 2 potential entry = present at both end-point airports. The 
effects of observed market characteristics are excluded in all results. We report median along with [5%-ile, 95%-ile] for each of the 
effects. The confidence interval is calculated using the bootstrap technique.  
 

      As expected, competitors have a larger response to type 2 potential entry than to type 

1 potential entry of a LCC. Both types of LCC potential entry had little effect on fares in 

the EU markets as shown in the first two columns of Table 7.  Southwest, however, caused 

3% and 7-10% price drop for type 1 and type 2 potential entry in the U.S. markets, 

respectively.  Finally, Table 8 shows that LCC adjacent entry caused about a 1-3% price 

drop in the EU markets and a 3-5% price drop in the U.S. markets.  
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Table 7: DID matching results on the effect of a LCC’s potential entry on route average fare. 
 EU  US 
 Type 1 

 (1) 
Type 2 

(2) 
 Type 1 

(3) 
Type 2a 

(4) 
Short-run effect (0-6 months after 
entry) 

-0.1% 
[-0.02%, -0.016%] 

-1.3% 
[-2.8%, -0.1%] 

 -2.3% 
[-2.9%, -1.9%] 

-8.3% 
[-8.7%, -7.9%] 

Medium-run effect (6-12 months 
after entry) 

-0.3% 
[-0.08, -0.44%] 

-2.2% 
[-3.6%, -0.6%] 

 -3.3% 
[-3.9%, -2.9%] 

-9.7% 
[-10.0%, -9.1%] 

Long-run effect (12-18 months 
after entry) 

0.6% 
[-0.1%, 1.1%] 

-0.3% 
[-1.3%, 0.8%] 

 -3.2% 
[-3.8%, -2.7%] 

-7.2% 
[-7.7%, -6.8%] 

Number of treated routes 180 82  2,287 224 
Number of observations  4025 1198  73,889 7,944 

a The time interval between entering the two airports is not less than 6 quarters. 
Note: Type 1 potential entry = present at only one end-point airport; Type 2 potential entry = present at both end-point airports. The 
effects of observed market characteristics are excluded in all results. We report median along with [5%-ile, 95%-ile]  
for each of the effects. The confidence interval is calculated using the bootstrap technique.  
 
Table 8: DID matching results on the effect of a LCC’s adjacent entry on route average fare. 

 EU 
(1) 

US 
(2) 

Short-run effect (0-6 months after entry) -2.8% 
[-4.4%, -1.2%] 

-3.0% 
[-3.4%, -2.6%] 

Medium-run effect (6-12 months after 
entry) 

-3.5% 
[-5.2%, -1.9%] 

-3.9% 
[-4.3%, -3.5%] 

Long-run effect (12-18 months after 
entry) 

-1.3% 
[-2.7%, 0.01%] 

-5.1% 
[-5.5%, -4.6%] 

Number of treated routes 77 441 
Number of observations  823 7,348 

Note: The effects of observed market characteristics are excluded in all results. We report median  
along with [5%-ile, 95%-ile] for each of the effects. The confidence interval is calculated using the 
bootstrap technique.  
 
 
      In sum, LCC entry would cause at most a 20% price drop in the EU markets and a 30% 

price drop in the U.S. markets. In the EU markets, fare reductions are mainly caused by 

LCCs’ actual entries. In the U.S. markets, besides actual entry, potential entries can cause 

big price drop.  The different findings in EU and U.S. markets imply that EU markets are 

less competitive than US markets. Compared to the U.S. markets, the aviation industry in 

the EU is characterized as more slot and gate constraints and subsidized national carriers, 

which are weak competitors.15  

                                                            
15 For example, in 2016, there are 180 slot-controlled airports in the world, 93 of which are in the EU and 2 
in the U.S. (European Parliament, 2016). In slot-controlled airports, airlines need to obtain slots for landings 
and take-offs in advance. In the EU, airlines are allocated slots on the basis of their previous use, according 
to a system based on what is known as the “grandfather rights” rule. The grandfather rights of incumbent 
airlines (mainly national airlines) at hub airports would have restricted the supply of slots available to new 
entrant airlines seeking slots at hubs (Barrett, 2004). 
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      Comparing our findings from DID matching to the traditional DID regression approach, 

the regression approach underestimates the effects of potential and adjacent LCC entries 

on fare, especially in the US markets. At the same time, it overestimates the effect of actual 

LCC entry and the overall effect of LCC entry on route fare. Compared to ours, most 

previous studies find a much larger fare reduction effects of Southwest’s actual entry, 

potential entry and adjacent entry. For instance, Morrison (2001) finds that fares are 46% 

lower when Southwest serves a route. If it serves an adjacent route, fares fall by 15-26%. 

The potential competition from Southwest lowers fares by 6% when it only serves one 

airport and by 33% when it serves both endpoints of a route but not the route itself. 

      Our novel identification strategy has several advantages relative to the traditional DID 

regression approach. First of all, the DID comparison in our model is between routes 

entered by LCC earlier and routes entered by the same LCC later. Compared with the 

regression approach, homogeneity between treated and controlled routes is higher. 

Moreover, our model enables us to get a cleaner DID comparison via a regression 

adjustment after the DID matching results. Finally, we are allowed to separate different 

entry effects from the sample selection process by excluding routes contaminated by other 

types of entry. 

7.2. Additional Tests in the U.S. Markets 

      As we mentioned earlier, Southwest mainly entered short and medium haul markets. 

We would expect that competitors on short routes would have a larger response when 

Southwest presents at one airport than those on long routes sharing the same end-point 
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airport. In other words, type 1 potential entry is distance sensitive. To test this hypothesis, 

we re-estimate Southwest’s type 1 potential entry effect by categorize markets into four 

groups according to route distance. As shown in Table 9, Southwest’ potential entry has 

the largest price reduction effect (7.8%) on routes less than 500 miles. Its effect is 

decreasing along route distance. The results also imply that Southwest would cause a much 

larger price drop (>5.3%) than its average type 1 potential effect (3.2%) if we only consider 

markets below 1000 miles. 

Table 9: DID matching results on the effect of Southwest’s Type 1 potential entry on route average fare categorized by route distance. 
 Distance less than 

500 miles 
 (1) 

Distance between 500 
and 1,000 miles 

(2) 

Distance between 1,000 
and 1,500 miles 

(3) 

Distance greater than 
1,500 miles 

(4) 
Short-run effect (1-2 
quarters after entry) 

-5.0% 
[-5.6%, -4.5%] 

-3.1% 
[-3.7%, -2.8%] 

-1.6% 
[-2.0%, -1.2%] 

-0.8% 
[-1.2%, -0.6%] 

Medium-run effect (3-4 
quarters after entry) 

-4.8% 
[-5.6%, -4.1%] 

-5.3% 
[-5.7%, -4.8%] 

-2.9% 
[-3.3%, -2.5%] 

0.7% 
[0.4%, 1.2%] 

Long-run effect (5-6 
quarters after entry) 

-7.8% 
[-8.4%, -6.9%] 

-5.3% 
[-5.8%, -4.7%] 

-2.1% 
[-2.4%, -1.6%] 

-0.5% 
[-0.9%, -0.2%] 

Number of treated routes 384 843 555 505 
Number of observations 5,400 32,787 22,586 9,908 

Note: The effects of observed market characteristics are excluded in all results. We report median along with [5%-ile, 95%-ile] for 
each of the effects. The confidence interval is calculated using the bootstrap technique. 

       

      We further estimate the potential benefits of additional LCC expansion in various 

markets where it has been constrained. We first estimate Southwest’s entry effects on route 

fares before 2001. The motivation to do this is that the U.S. domestic markets were more 

competitive during this period.16 As expected, the effects, as shown in Table 10, are 2% in 

total less than the baseline effects. This implies that the cabotage rights would benefit 

travelers further given the current less competitive U.S. markets.  

 
 
 
 
 

                                                            
16 Over the last decade, the U.S. airline industry has been restructured with a number of mergers of the 
industry’s top airlines. In 2005, the top 11 airlines comprised 96% of domestic market share by available seat 
miles. This number has reduced to six airlines with 94% of U.S. market share by available seat miles. 
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Table 10: DID matching results on the route average fare effect of Southwest’s entry before 2001.  
 Actual entry Potential entry Adjacent entry 

Module 1 
 

(1) 

Module 2:  
Type 1 

(2) 

Module 2:  
Type 2 

(3) 

Module 3:  
Type 1 

(4) 

Module 3:  
Type 2 

(5) 

Module 4 
 

(6) 
Short-run effect (1-2 
quarters after entry) 

-10.2% 
[-10.5%, -9.7%] 

-15.0% 
[-16.1%, -13.9%] 

-4.1% 
[-4.8%, -3.4%] 

-2.5% 
[-3.1%, -2.1%] 

-9.3% 
[-9.7%, -8.7%] 

-3.0% 
[-3.5%, -2.4%] 

Medium-run effect (3-
4 quarters after entry) 

-12.8% 
[-13.4%, -12.3%] 

-14.6% 
[-15.7%, -13.3%] 

-5.5% 
[-6.3%, -4.9%] 

-3.7% 
[-4.2%, -3.2%] 

-11.8% 
[-12.6%, -11.3%] 

-3.9% 
[-4.5%, -3.5%] 

Long-run effect (5-6 
quarters after entry) 

-12.5% 
[-12.9%, -12.0%] 

-15.4% 
[-16.6%, -14.5%] 

-4.9% 
[-5.6%, -4.1%] 

-3.4% 
[-3.9%, -2.9%] 

-9.5% 
[-10.1%, -9.0%] 

-5.4% 
[-6.1%, -4.9%] 

Number of treated 
routes 

104 140 90 1,226 85 272 

Number of 
observations 

6,524 2,271 1,495 6,628 6,483 6,448 

Note: The effects of observed market characteristics are excluded in all results. We report median along with [5%-ile, 95%-ile] for each 
of the effects. The confidence interval is calculated using the bootstrap technique. 
 
       

      We also estimate Southwest’s entry effects on routes where HHI is greater than 4000.17 

We find very similar effects as the baseline effects (reported in Table 11). Since legacy 

carriers mainly operate using a hub-and-spoke networks, we finally evaluate Southwest’s 

entry effects on route fares on hub routes. The results in Table 12 show that Southwest’s 

type 1 actual entry would at most reduce fares about 24.1% on hub routes, which is larger 

than the baseline effect (22.2%). However, its type 2 actual entry has a smaller impact on 

fares compared to our baseline result in the long run. 

Table 11: DID matching results on the route average fare effect of Southwest’s entry on high concentrated routes (HHI>4000) 
 Actual entry Potential entry Adjacent entry 
  Module 1 

 
(1) 

Module 2:  
Type 1  

(2) 

Module 2:  
Type 2 

(3) 

 Module 3: 
Type 1 

(4) 

 Module 3: 
Type 2 

(5) 

Module 4 
 

(6) 
Short-run effect (1-2 
quarters after entry) 

-10.0% 
[-10.7%, -9.3%] 

-16.2% 
[-17.6%, -14.7%] 

-5.6% 
[-6.9%, -4.2%] 

-2.6% 
[-3.2%, -2.1%] 

-8.9% 
[-9.5%, -8.3%] 

-3.6% 
[-4.1%, -3.1%] 

Medium-run effect (3-
4 quarters after entry) 

-13.0% 
[-13.7%, -12.1%] 

-15.1% 
[-17.1%, -13.9%] 

-7.0% 
[-8.3%, -5.5%] 

-3.7% 
[-4.4%, -3.1%] 

-8.6% 
[-9.2%, -7.8%] 

-4.1% 
[-4.8%, -3.4%] 

Long-run effect (5-6 
quarters after entry) 

-12.4% 
[-13.2%, -11.7%] 

-17.9% 
[-19.3%, -16.3%] 

-5.1% 
[-6.2%, -3.6%] 

-3.8% 
[-4.5%, -3.3%] 

-5.0% 
[-5.7%, -4.1%] 

-6.0% 
[-6.7%, -5.3%] 

Number of treated 
routes 

142 101 59 1,787 169 327 

Number of 
observations 

3,187 991 484 42,232 3,886 3,767 

Note: The effects of observed market characteristics are excluded in all results. We report median along with [5%-ile, 95%-ile] for each 
of the effects. The confidence interval is calculated using the bootstrap technique. 
 

                                                            
17 The U.S. Department of Justice considers a market with an HHI of 2,500 or greater to be a highly 
concentrated marketplace. In the airline industry, it is very common for a market with a much higher HHI 
than this level. So we chose a market with an HHI of 4,000 or greater as a highly concentrated marketplace. 
This accounts for around 50% of our total U.S. sample markets.  
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Table 12: DID matching results on the route average fare effect of Southwest’s entry on hub routes  

 Actual entry Potential entry Adjacent entry 
  Module 1 

 
(1) 

Module 2:  
Type 1  

(2) 

Module 2:  
Type 2 

(3) 

 Module 3: 
Type 1 

(4) 

 Module 3: 
Type 2 

(5) 

Module 4 
 

(6) 
Short-run effect (1-2 
quarters after entry) 

-9.6% 
[-10.3%, -8.9%] 

-18.3% 
[-19.9%, -16.9%] 

-2.1% 
[-3.2%, -1.2%] 

-1.5% 
[-2.1%, -0.9%] 

-5.2% 
[-6.5%, -8.3%] 

-2.0% 
[-2.7%, -1.5%] 

Medium-run effect (3-
4 quarters after entry) 

-12.2% 
[-13.0%, -11.5%] 

-17.5% 
[-18.4%, -15.9%] 

-4.3% 
[-5.5%, -3.3%] 

-2.3% 
[-3.1%, -1.7%] 

-10.0% 
[-11.6%, -8.6%] 

-3.0% 
[-3.8%, -2.4%] 

Long-run effect (5-6 
quarters after entry) 

-13.4% 
[-14.1%, -12.7%] 

-19.6% 
[-21.3%, -18.3%] 

-1.9% 
[-2.8%, -0.9%] 

-4.5% 
[-5.3%, -4.0%] 

-4.5% 
[-6.3%, -3.3%] 

-4.0% 
[-4.8%, -3.4%] 

Number of treated 
routes 

141 83 81 593 42 252 

Number of 
observations 

2,600 1,160 459 13,139 884 3,117 

Note: The effects of observed market characteristics are excluded in all results. We report median along with [5%-ile, 95%-ile] for each 
of the effects. The confidence interval is calculated using the bootstrap technique. 
 

7.3. Robustness Checks 

Alternative Timelines. We conduct the following robustness checks on the baseline 

results with respect to the timeline of defining treated and controlled routes. In the first 

check, we modify that the potential entry of LCCs on a treated or a controlled route must 

be at least 24 months (changed from 18 months) before a LCC’s actual entry on the treated 

route. The rationale of this robustness check is that the threshold of 18 months could be too 

short to separate the effect of potential entry from the effect of actual entry on route average 

fare. In the following checks, we change the time gap between a LCC’s actual entry on a 

treated route and its actual entry on a controlled route. We first increase the time interval 

from 24 months to 36 months to account for the possibility that competitors may be able 

to predict a LCC’s entries given the LCC’s current strategies in the short run. We then 

restrict the set of controlled routes of a treated one to the routes where the same LCC 

entered between 24 months and 36 months after the LCC entered the treated route. The 

motivation of conducting this robustness check is that a treated route could be different to 

a controlled route if the time gap of a LCC’s entry on them is too large. Results from these 
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robustness checks are shown in Table 13. All these results imply that our baseline results 

are robust. 

Table 13: Robustness checks of DID matching results on the effect of a LCC’s actual entry on route average fare (Column (1)   
in Table 6 is the benchmark) 1 

 (1) 
The LCC which 

actually entered the 
treated route 

potentially entered 
both the treated and 
controlled route at 

least 24 months 
before the actual 

entry  

(2) 
The LCC which 

actually entered the 
treated route 

actually entered a 
controlled route at 

least 36 months 
after its actual entry 
on the treated route  

(3) 
The LCC which 

actually entered the 
treated route 

actually entered a 
controlled route 

between 24 and 36 
months after its 

actual entry on the 
treated route 

(4) 
The average total 

monthly number of 
routes served by the 

entering LCC at  
end-point airports of 

the treated route 
between 12 and 4 
months before the 

actual entry  is 
similar to the one on 
the controlled route 

in the same time 
period 2 

Short-run effect (0-6 months after 
entry) 

-10% 
[-12%, -7%] 

-13% 
[-15%, -10%] 

-13% 
[-17%, -10%] 

-13% 
[-17%, -9%] 

Medium-run effect (6-12 months 
after entry) 

-10% 
[-13%, -8%] 

-14% 
[-17%, -11%] 

-14% 
[-19%, -10%] 

-15% 
[-20%, -11%] 

Long-run effect (12-18 months 
after entry) 

-5% 
[-6%, -3%] 

-10% 
[-13%, -10%] 

-7% 
[-11%, -4%] 

-10% 
[-16%, -4%] 

Number of treated routes 103 120 120 120 
Number of observations  262 256 205 129 

Note: 1 We report median along with [5%-ile, 95%-ile] for each of the effects. The confidence interval is calculated using the bootstrap 
technique.  
          2 We discretize the number of served routes by the entering LCC into categories by 10, and match a treated route with only 
controlled routes where the entering LCC served the same category of number of routes connecting end-point airports during the time 
period under consideration.    

      

       Excluding Other LCCs’ Entry. Note that we did not consider other LCCs’ entry 

effects on fares when estimating Southwest’s effects in the U.S. markets. One potential 

problem is that we would have underestimated Southwest’s entry effects when taking 

routes served by other LCCs as controlled routes. Therefore, we conduct the following 

robustness check by only considering routes where other LCCs18 served neither the treated 

nor the controlled routes up to 8 quarters after the actual entry of Southwest on the treated 

routes.19 Results as shown in Table 14 imply that Southwest would have a larger reduction 

                                                            
18 We exclude the first six largest LCCs except Southwest in terms of transported passengers in our sample, 
including Allegiant Air (G4), Frontier Airlines (F9), JetBlue (B6), Spirit Airlines (NK), Sun Country 
Airlines (SY) and Virgin America (VX). 
19 It is hard to exclude all routes where other LCCs show potential competition. As a result, we only took 
Southwest’s actual entry effects as an example.  
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effect on fares when excluding other LCCs’ effect. Therefore, our baseline results provide 

a lower bound of Southwest’s entry effects. 

 
Table 14: DID matching results on the route average fare effect of Southwest’s actual entry on routes without other LCCs’ entry  

  Direct entry without 
potential entry 

 
 

(1) 

Southwest operated at 
only one of the end-
point airports before 

entry 
 (2) 

Southwest operated at 
both the end-point 

airports before entry  
 

(3) 
Short-run effect (1-2 quarters after entry) -10.8% 

[-11.4%, -10.3%] 
-20.0% 

[-21.4%, -18.8%] 
-4.9% 

[-5.7%, -3.9%] 
Medium-run effect (3-4 quarters after entry) -13.7% 

[-14.4%, -13.0%] 
-20.7% 

[-22.5%, -19.1%] 
-6.2% 

[-7.3%, -4.9%] 
Long-run effect (5-6 quarters after entry) -14.8% 

[-15.4%, -14.1%] 
-23.0% 

[-24.6%, -21.0%] 
-5.3% 

[-6.7%, -4.2%] 
Number of treated routes 146 133 89 
Number of observations 3,617 811 736 

Note: No other LCCs served either the treated or the controlled routes up to 8 quarters after the actual entry of Southwest on the 
treated route. The effects of observed market characteristics are excluded in all results. We report median along with [5%-ile, 95%-ile] 
for each of the effects. The confidence interval is calculated using the bootstrap technique. 
 

      Connectivity Effect. A LCC’s number of served routes connecting to an end-point 

airport is time varying. A larger connectivity implies a higher entry probability and a larger 

market power of the LCC carrier. Accordingly, incumbents would use different pricing 

strategies over time as a response of a LCC’s potential entry.  In the following robustness 

check, we consider the connectivity effect using OLS technique after the DID-Matching 

method. The regression equation to evaluate the potential entry effect of a LCC is given by  

0 1 2ijt t t it ijt ijtp PE PE LCCconnectivity Zφ φ φ ε= + + × + Φ +                        (6) 

where ( ) ( )ln lnijt it jtp y y≡ − is the difference of log average route fare between a treated 

route i and a controlled route j at time t ; [ ]6,6t∈ − is the quarter from potential entry by 

excluding the quarter right before the potential entry and the potential entry quarter to deal 

with the potential response of incumbents; tPE is an indicator variable which equals 1 if 

potential entry occurred and 0 otherwise; itLCCconnectivity is the total number of a LCC’s 

served routes to the end-point airports of route i  at time t ; and ijtZ is a vector of the 
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difference of the control variables between a treated route i and a controlled route j at time

t . The regression results for Southwest are shown in Table 15. All results imply that 

Southwest’s potential entry reduced price more when connectivity effect is taken into 

account.  

 
Table 19: Matching OLS results on the effect of Southwest’s potential entry on route average fare (Module 3) 

 Type 1  Type 2 
 (1) 

Overall 
 
 

(2) 
Distance 
less than 
500 miles 

 

(3) 
Distance 

between 500 
and 1,000 

miles 
 

(4) 
Distance 

between 1,000 
and 1,500 miles 

 

(5) 
Distance 

greater than 
1,500 miles 

 

 (6) 

Potential entry 
dummy 

-0.0808 
(0.0072) 

-0.0904 
(0.0207) 

-0.1153 
(0.0118) 

-0.0977 
(0.0090) 

-0.0086 
(0.0086) 

 -0.2864 
(0.0102) 

Potential entry 
dummy × 
WNconnectivity 

0.0021 
(0.0004) 

0.0006 
(0.0009) 

0.0029 
(0.0006) 

0.0039 
(0.0005) 

-0.0003 
(0.0006) 

 0.0045 
(0.0003) 

Fare effect  -4.5% 
(0.25%) 

-7.7% 
(0.66%) 

-6.4% 
(0.42%) 

-3.0% 
(0.30%) 

-1.3% 
(0.35%) 

 -11.4% 
(0.29%) 

Number of treated 
routes 

2,287 384 843 555 505  224 

Number of 
observations 

798,554 118,160 357,075 244,665 103,018  83,168 

Note: Control variables are included in all regressions but not reported. We report the mean along with the standard error for each 
variable. The standard errors are calculated using the bootstrap technique. 
 
 
8. Conclusion 
 
This paper designs a novel quasi-experiment approach, DID-Matching with regression 

adjustment approach, to estimate the effects of LCCs’ expansions on fares in both the EU 

and the US markets. The results enable us to get a preliminary understanding of allowing 

cabotage to further deregulate aviation markets. In doing so, we first review the patterns of 

LCC’s expansions after deregulations in EU and US. According to their patterns, we 

decompose the overall effect of LCC entry into three effects: actual entry, potential entry 

and adjacent entry. For each type of entry, we select treated routes to exclude the 

contamination of other types of entry. The controlled routes are selected from routes that 

were entered by the same LCC in later years. We also remove further the possible impacts 

of other time-varying factors on the DID matching outcome via a regression adjustment.  
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      Our novel identification strategy has several advantages relative to the traditional DID 

regression approach. First of all, the DID comparison in our model is between routes 

entered by LCC earlier and routes entered by the same LCC later. Compared with the 

regression approach, homogeneity between treated and controlled routes is higher. 

Moreover, our model enables us to get a cleaner DID comparison via a regression 

adjustment after the DID matching results. Finally, we are allowed to separate different 

entry effects from the sample selection process by excluding routes contaminated by other 

types of entry. 

      Common in both aviation markets, a LCC enters a route only when it already operated 

in at least one of the end-point airports; That is, actual entry is positively affected by the 

LCC’s airport presence. On the other hand, they also show different entry patterns. In the 

EU markets, given that a LCC already operated in an end-point airport of a route, the 

probability of the LCC entering the route in a period increases if the number of served 

routes connecting the airport by the LCC increases. We also find that actual entry is 

negatively affected by the LCC’s adjacent route presence in the EU markets. In the U.S. 

markets, the actual entry is, however, positively affected by adjacent own route presence.  

      Simply speaking, our estimates imply that LCC entry has a less competitive effects in 

the EU markets than the one in the U.S. markets. In the EU markets, fare reductions are 

mainly caused by LCCs’ actual entries. In the U.S. markets, potential entries can also cause 

big price drop. We also find that competitors on short routes have a larger response when 

the LCC presents at one airport than those on long routes sharing the same end-point airport. 

Finally, our results imply that Southwest has a larger reduction effect on fares in less 
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competitive markets, such as in highly concentrated markets, in markets where mergers 

reduced the number of competitors, and on hub routes.  

      Our findings may have some important policy implications for deregulation policy. 

Given the current concentrated market structure in the U.S. aviation industry, our findings 

give us some intuitive support on allowing cabotage to further deregulate aviation markets. 

LCCs are likely to expand if international aviation markets are fully deregulated and if 

cabotage is allowed. Travelers would benefit from LCCs expansions, especially on short 

haul and less competition routes. In a word, concerns about market consolidation might be 

addressed by allowing foreign competition in domestic markets.   

      To get a more direct evidence, we need to answer the question: Could EU LCCs reduce 

fares even further in the U.S. markets?  As a future work, we still need to develop a dynamic 

structural model of LCC entries to address this question explicitly. 
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Appendix A. Summary Statistics 

 
Table A1: Summary Statistics of EU Data 
Variable Mean Std.Dev. Min Max 
Route average fare (Euros) 141.8 70.28 26 4,430 
Route distance (1,000 km) 1.141 0.796 0.1 4.996 
Number of carriers in the regional market 7.002 5.862 1 48 
Dummy of the route presence of Ryanair 0.167 0.373 0 1 
Dummy of the route presence of EasyJet 0.088 0.283 0 1 
Number of passengers in the regional 
market (1,000) 

11.48 20.45 1 227.9 

Percentage of first class passengers in the 
regional market 

0.016 0.051 0 1 

Percentage of business class passengers 
in the regional market 

0.037 0.074 0 1 

Number of served routes by Ryanair 
connecting the origin airport 

7.026 13.790 0 99 

Dummy of presence at the origin airport 
of Ryanair 

0.406 0.491 0 1 

Number of served routes by Ryanair 
connecting the destination airport 

7.132 16.29 0 99 

Dummy of presence at the destination 
airport of Ryanair 

0.431 0.495 0 1 

Number of served routes by EasyJet 
connecting the origin airport 

5.084 8.574 0 69 

Dummy of presence at the origin airport 
of EasyJet 

0.563 0.496 0 1 

Number of served routes by EasyJet 
connecting the destination airport 

4.687 8.750 0 69 

Dummy of presence at the destination 
airport of EasyJet 

0.506 0.500 0 1 

Number of flights in the regional market 146.9 236.4 1 2,832 
Number of seats in the regional market 
(1,000) 

19.28 33.33 19 388.3 

HHI of the regional market  0.639 0.308 0.070 1 
Geometric mean of population of end-
point catchment areas (Millions) 

2.581 1.926 0 13.95 

Geometric mean of income-per-capita of 
end-point catchment areas (1,000 Euros) 

3.526 1.139 0.379 9.704 

Number of observations  289,546    
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Table A2: Summary Statistics of U.S. Data 
Variable Mean Std.Dev. Min Max 
Dummy of route presence of Southwest 0.113 0.317 0 1 
Dummy of presence at the origin airport 
of Southwest 

0.352 0.478 0 1 

Dummy of presence at the destination 
airport of Southwest 

0.424 0.494 0 1 

Number of Low-cost carriers on the route 0.172 0.464 0 5 
Number of legacy carriers on the route 2.545 1.715 0 8 
Number of carriers in the city market 3.941 2.917 1 18 
Number of legacy carriers in the city 
market 

3.002 1.923 0 8 

Number of route passengers (1,000) 0.701 2.25 1 50.54 
Route average fare ($) 215.1 76.89 16.55 1,501 
Number of passengers in the city market 
(1,000) 

2.6 10.8 1 243.4 

HHI of the city market 0.610 0.279 0.111 1 
Number of flights in the city market 
(1,000) 

3.21 6.41 45 67.13 

Number of served routes by Southwest 
connecting the origin airport 

10.17 16.22 0 64 

Number of served routes by Southwest 
connecting the destination airport 

12.46 17.44 0 63 

Origin hub dummy 0.211 0.408 0 1 
Destination hub dummy 0.194 0.395 0 1 
Geometric mean of population of end-
point cities (Millions) 

1.622 1.855 0.068 16 

Geometric mean of income-per-capita of 
end-point cities (1,000 $) 

30.21 3.87 14.83 54.35 

Route distance (1,000 miles) 1.045 0.648 0.025 4.004 
Number of observations  762,534    
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Table A3: Descriptive Statistics by Southwest’s Entry Patterns 

 Fare Distance 
(1000 miles) 

No. of 
carriers 

HHI Population 
(million) 

PCI 
($ 1000) 

No. of 
routes 

Obs. 

Module 1: Southwest’s actual entry without potential entry before entry 
All treated routes 192 

(75) 
1.20 

(0.66) 
7.1 

(2.7) 
0.40 

(0.19) 
3.0 

(2.1) 
32.8 
(4.3) 

386 33,333 

Matched treated 
routes 

187 
(74) 

1.21 
(0.65) 

7.6 
(2.5) 

0.40 
(0.19) 

3.4 
(2.0) 

33.0 
(4.2) 

227 19,834 

Module 2: Southwest’s actual entry conditional on potential entry before entry 
Type 1: Southwest operated at only one of the end-point airports before entry 
All treated routes 192 

(70) 
1.23 

(0.67) 
7.6 

(2.6) 
0.38 

(0.17) 
3.3 

(2.5) 
32.8 
(4.3) 

508 44,280 

Matched treated 
routes 

179 
(67) 

1.18 
(0.63) 

7.5 
(2.2) 

0.37 
(0.16) 

2.9 
(1.7) 

32.1 
(4.2) 

210 18,370 

Type 2: Southwest operated at both the end-point airports before entry 
All treated routes 207 

(63) 
1.57 

(0.63) 
6.6 

(2.9) 
0.37 

(0.19) 
2.8 

(2.3) 
32.1 
(4.6) 

500 43,343 

Matched treated 
routes 

206 
(57) 

1.76 
(0.59) 

7.1 
(2.8) 

0.35 
(0.18) 

3.3 
(2.3) 

32.3 
(4.5) 

144 12,410 

Module 3: Routes potentially entered by Southwest 
Type 1: Southwest operated at only one of the end-point airports 
All treated routes 219 

(71) 
1.07 

(0.65) 
3.7 

(2.5) 
0.61 

(0.26) 
1.6 

(1.7) 
31.0 
(3.8) 

2,939 228,310 

Matched treated 
routes 

214 
(67) 

1.07 
(0.61) 

4.2 
(2.7) 

0.57 
(0.26) 

1.8 
(1.8) 

31.0 
(3.7) 

2,287 192,751 

Type 2: Southwest operated at both the end-point airports 
All treated routes 199 

(72) 
1.26 

(0.69) 
6.9 

(2.9) 
0.41 

(0.20) 
3.2 

(2.5) 
32.7 
(4.4) 

1,560 132,719 

Matched treated 
routes 

213 
(72) 

1.30 
(0.66) 

5.7 
(3.1) 

0.50 
(0.23) 

2.9 
(2.4) 

32.6 
(4.8) 

224 19,171 

Module 4: Parallel routes affected by Southwest’s entry 
All treated routes 205 

(76) 
1.34 

(0.69) 
6.7 

(3.3) 
0.43 

(0.23) 
3.6 

(2.8) 
33.4 
(4.5) 

1,024 77,398 

Matched treated 
routes 

209 
(74) 

1.37 
(0.68) 

6.3 
(3.6) 

0.48 
(0.26) 

3.4 
(2.6) 

33.1 
(4.2) 

441 37,053 

Note: The variables in the first six columns are route average fare, route distance, number of carriers in the city market, HHI of the city 
market, geometric mean of population of end-point cities, and geometric mean of income-per-capita of end-point cities (PCI) 
respectively following each other. The entry of each cell is the sample mean. Standard deviations are reported in parentheses.  
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Appendix B. Time of Entries Made by Selected Low-Cost Carriers 

 
Table B1: Some summary statistics of routes entered and served by Southwest: 1994-2011 

Year Airports 
entered  

Non-stop 
routes 
entered  

Distance 
entered 
(miles) 

All routes 
entered  

Non-stop 
routes 
served 

All routes 
served 

1994 7 36 476 129 148 501 
1995 1 26 442 109 176 611 
1996 4 31 554 126 206 725 
1997 1 23 442 104 229 823 
1998 1 13 421 67 242 897 
1999 3 46 436 200 285 1091 
2000 2 33 920 144 307 1196 
2001 3 29 724 128 336 1323 
2002 0 7 442 15 340 1307 
2003 0 5 876 26 342 1318 
2004 1 24 1009 94 361 1416 
2005 3 29 733 275 387 1690 
2006 2 20 447 138 397 1743 
2007 1 21 542 43 419 1806 
2008 0 30 1232 25 442 1752 
2009 4 14 538 119 453 1957 
2010 1 27 593 87 471 2049 
2011 3 25 882 167 490 2228 

Sources: U.S. DOT T100 non-stop segment dataset and Southwest’s fact sheets of city start-up  
dates at www.swamedia.com/channels/city-start-up-dates/pages/when-did-we-arrive. 
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Table B2: Time of Actual Entries Made by Ryanair on the Treated Routes between 
2005m1 and 2013m12 
Time of actual entries made by Ryanair Number of actual entries 
2006m12 1 
2007m2 1 
2007m10 1 
2007m11 1 
2007m12 1 
2008m7 1 
2008m11 3 
2009m7 1 
2009m11 9 
2010m1 1 
2010m4 1 
2010m7 2 
2010m9 5 
2010m11 4 
2011m1 1 
2011m3 5 
2012m3 2 
2012m4 4 
2012m11 2 
2013m4 1 
2013m11 1 
Total 48 
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Table B3: Time of Actual Entries Made by Easyjet on the Treated Routes between 
2005m1 and 2013m12 
Timing of actual entries made by 
Easyjet Number of actual entries 
2006m7 1 
2006m8 1 
2006m11 1 
2007m3 2 
2007m4 1 
2007m7 1 
2007m10 3 
2007m11 6 
2008m2 2 
2008m3 1 
2008m4 5 
2008m5 1 
2008m10 1 
2008m11 1 
2009m4 1 
2009m5 1 
2009m6 1 
2009m10 1 
2009m11 3 
2009m12 1 
2010m4 1 
2010m5 1 
2010m6 1 
2010m9 2 
2010m11 1 
2010m12 2 
2011m7 1 
2011m10 1 
2011m11 1 
2012m4 13 
2012m10 1 
2012m12 2 
2013m3 1 
2013m4 8 
2013m10 1 
2013m11 1 
Total 72 
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Table B4: Time of Potential Entries Made by Ryanair between 2005m1 and 
2013m12 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Time of potential entries made by Ryanair Number of potential entries 
2006m9 13 
2007m1 10 
2007m4 1 
2007m6 2 
2007m10 5 
2007m11 27 
2007m12 2 
2008m6 2 
2009m5 3 
2009m12 2 
2010m8 2 
2011m5 1 
2011m8 4 
Total 74 
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Table B5: Time of Potential Entries Made by Easyjet between 2005m1 and 2013m12 
Time of potential entries made by Easyjet Number of potential entries 
2006m8 1 
2006m9 26 
2006m10 12 
2006m12 3 
2007m2 3 
2007m4 4 
2007m5 19 
2007m6 2 
2007m7 15 
2007m9 1 
2007m11 13 
2007m12 57 
2008m1 11 
2008m2 1 
2008m5 3 
2008m6 1 
2008m12 3 
2009m1 1 
2009m3 1 
2009m6 3 
2009m7 2 
2009m11 2 
2010m8 7 
2011m6 3 
2011m7 1 
Total 195 
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Appendix C. Visualization of Expansion of Low-Cost Carriers. 

 

  Figure C1: Expansion of Southwest from 1994 to 2011. 
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 Figure C2: Entries and Exits Made by Southwest in a Quarter over the Years. 
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Figure C3: Expansions of Ryanair and EasyJet in EU. 

 

Note: Blue dots and solid lines denote airports and non-stop routes, respectively. 
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Appendix D. The Evolvement of Route Fare before and after Entry of a Low-Cost   
Carrier 

 
Figure D1: The Evolvement of Market Fare within the Time Framework of the DID 
Analysis on Markets of Some Chosen Treated Routes 
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Figure D2: The Evolvement of Market Fare within One Year of First-time LCC Potential 
Entry (presence at both end-point airports)  
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Figure D3: The Evolvement of Route Fare on Some Chosen Treated Routes of Southwest 
Over Time. (Actual entry without potential entry) 
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Figure D4: The Evolvement of Route Fare on Some Chosen Treated Routes of Southwest 
Over Time. (Actual entry conditional on potential entry) 

 

Note: The left figure presents actual entries conditional on the first type potential entry which 
Southwest only operated at one of the end-point airports before entry. The right figure presents 
actual entries conditional on the second type potential entry which Southwest operated at both the 
end-point airports before entry. 
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Figure D5: The Evolvement of Route Fare on Some Chosen Treated Routes of First-time 
Potential Entry of Southwest Over Time (presence at both end-point airports). 
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  Figure D6: The Evolvement of Route Fare on Some Chosen Treated Routes of Adjacent 

Entry of Southwest Over Time. 
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Appendix E. An Example of a Low-Cost Carrier (LCC)’s Entry Patterns 

      Figure E1 shows an example of a LCC’s network connecting four cities. In city 1, 

instead of entering the most congested airport or a hub airport of a major carrier A, it chose 

to enter two secondary airports B and C, which are adjacent to airport A. In city 2, the 

carrier entered both airport D and airport E, but only offered service from airport D to city 

1 and city 3, and served route E-G. Finally, the carrier only entered one airport F in city 3 

and airport G in city 4.  

 

 

 

 

 

 

 

 

Figure E1: An example of a LCC’s entry pattern. A solid line means the carrier serves both 
airports and the route. A dash dot line means the carrier serves both airports but not the route. 
And a dash line means the carrier serves neither airport A nor the route.  

      In this network, the carrier serves five non-stop airport-pairs: B-D, B-F, C-F, D-F, and 

E-G, which are denoted as actual entries.  Instead of entering routes A-E and A-F, it offers 

a parallel adjacent route B-D to compete with A-E, and serves two adjacent competitive 

routes for A-F: B-F and C-F. Finally, even though the airline may not enter a route, such 

as A-G, it may still affect fares on the route if airlines change fares in response to the 

potential entries of the LCC on this route, or adjacent routes like B-G and C-G. 
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