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Competitive Impact of the 1,500-Hour Rule on U.S. Airlines: Evidence

from U.S.–Canada and U.S.–Mexico Markets

Zuzanna Markiewicz*

Abstract

This study examines whether the 2013 FAA First Officer Qualifications (“1,500-hour”) rule

reshaped competitive dynamics across U.S. legacy and regional carriers, measured by group-level

mean changes in offered seat capacity relative to Mexican and Canadian carriers outside the

rule’s jurisdiction. Triple-Difference and Difference-in-Differences models are estimated on an

airport-pair–carrier–month–year-level data on passenger flights on bidirectional U.S.–Canada and

U.S.–Mexico routes market from 2012 to 2014. On average, post-policy, the U.S. legacy–regional

capacity gap in offered seats widened by 46% relative to the corresponding foreign legacy–regional

gap. U.S. regional carriers reduced offered seats by 19% relative to foreign regional carriers, while

U.S. legacy carriers increased offered seats by 34% relative to foreign legacy carriers. Overall, the

safety-oriented tightening of pilot-qualification requirements appears to have produced unintended

competitive spillovers with asymmetric effects, consistent with wage-sensitive U.S. regional airlines

curtailing operations and larger-scale U.S. legacy carriers gaining market power.
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1 Introduction

The February 2009 crash of Colgan Air Flight 3407, attributed primarily to pilot error, intensified

public scrutiny of existing pilot qualification standards (FAA, 2013). In response, in August 2013, the

Federal Aviation Administration (FAA) imposed stricter licensing criteria for First Officers (FAA, 2013).

The First Officer Qualification (FOQ) rule mandates that second-in-command pilots obtain an Airline

Transport Pilot (ATP) certificate, replacing the earlier requirement of a Commercial Pilot Licence (CPL)

(Bjerke et al., 2016). One of the most significant changes introduced by the new licensing rules is the

rise in the minimum flight hour requirement from 250 to 1,500 (FAA, 2013). This standard is uniquely

stringent; no other country mandates such high thresholds for pilot certification (Wolfsteller, 2022).

The policy has produced negative spillover effects in other areas (Smith et al., 2016). American

Eagle Airlines warned that the rule might place U.S. carriers at a competitive disadvantage relative to

foreign airlines (FAA, 2013). This requirement is limited to U.S.-based carriers operating under Part

121, encompassing regularly scheduled passenger and cargo operators (FAA, 2025b). This paper focuses

exclusively on carriers classified by business model into legacy and regional groups1, following the

definitions used by Luttmann and Nehiba (2020). Regional airlines mainly use aircraft with fewer than

100 seats and serve routes shorter than 1,500 miles. Legacy carriers utilise large hub-and-spoke networks,

routing passengers from non-hub cities through central hubs to reach their final destinations.

The Regional Airline Association (RAA) has argued that the current pilot shortage is largely a

consequence of the FOQ rule (Jonesyoung and Leff, 2023). The resulting limited supply of qualified

pilots has contributed to noticeable reductions in regional air passenger services and increased market

concentration (Jonesyoung and Leff, 2023). Regional airlines are found to be hit by the 1,500-hour rule

disproportionately more than other carriers (Bjerke et al., 2016), as they have served as an entry point for

the pilots, benefiting from having a pool of less-experienced pilots (Bjerke et al., 2016; GAO, 2014b).

Legacy carriers already hired experienced pilots from regionals (Luttmann and Nehiba, 2020), so they did

not face staffing issues as severely. However, as regional carriers struggled to support their hubs, legacy

airlines began operating routes previously flown by regionals, shifted to larger aircraft, and intensified

their more profitable operations, where pilot utilisation is highest, possibly on long-haul international

routes2.
1Low-cost carriers were excluded from the analysis, as the literature indicates that the policy primarily affected regional

operations. Moreover, for LCCs the parallel trends assumption was clearly violated, undermining their suitability for inclusion
in a Difference-in-Differences framework.

2As discussed in Section 3.2.
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This study examines whether the 1,500-hour rule affected regional and legacy airlines differently,

measured by their seat capacity offering, and thereby reshaped market competition. The rule’s exogenous

origin, stemming from a response to a fatal plane crash, provides a setting for a quasi-natural experiment

for the Triple-Difference and Difference-in-Differences frameworks. The analysed market consists of

bidirectional U.S.–Mexico and U.S.–Canada routes between 2012–2014, with Canadian and Mexican

carriers forming the control group and U.S. carriers the treatment group. To the best of the author’s

knowledge, this research is the first to econometrically examine the causal impact of the rule on U.S.

carriers in international markets. It finds that, measured in seat capacity, the gap between U.S. legacy

and regional carriers widened by 46%, with U.S. regional carriers contracting 19% and legacy expanding

34% relative to their foreign counterparts, suggesting seats-share reallocation toward larger carriers and

potential U.S. industry consolidation.

As the issue persists, the topic remains active and highly debated. In 2022, nine years after the rule’s

introduction, the FAA rejected a proposal to reduce the required flight hours, despite a severe shortage

of aviators that had led carriers to cut routes (Josephs, 2022; FAA, 2022b). As of August 2025, the

former Republic Airways CEO has been appointed FAA Administrator (FAA, 2025a; Josephs, 2022).

He was a vocal advocate for relaxing the 1,500-hour rule, raising concerns that the regulation could

be weakened during his FAA term. The decline of regional airlines threatens air service to smaller

communities, raising concerns about equity and accessibility (Jonesyoung and Leff, 2023), leading to

consumer harm. Quantifying this impact is essential as Congress and the FAA reconsider pilot training

standards and possible subsidies for regional carriers.

This dissertations sections proceeds as follows: §2 reviews the literature, §3 outlines economic

mechanisms and policy background, §4 presents the data, §5 outlines the empirical strategy, §6 reports

the results, §7 discusses the findings, and §8 concludes.

2 Literature Review

2.1 Modelling the impact of the 1 500-hour rule

Luttmann and Nehiba (2020) study the 1,500-hour rule competitive impact in U.S. domestic markets,

measuring frequency, route counts, and route-level HHI, whereas this thesis will test it on international

routes and seat capacity. Their Regression Discontinuity Design specification uses the policy introduction

date as the cutoff, which may be vulnerable to confounding from simultaneous changes, such as seasonal

peaks or economic shocks. In their DD, prior years and legacy carriers serve as controls, though the

latter are “imperfectly untreated” as they were also subject to the rule; by contrast, this study uses
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an untreated foreign control, reducing potential contamination. Klapper and Ruff-Stahl (2019) offer

non-experimental OLS forecasts of contraction by 2023 for U.S. regional airlines, computing fleet

withdrawals and passenger losses across three FOQ-related labour-shortage sensitivity scenarios without

decomposing domestic vs. international activity. By contrast, I experimentally estimate causal effects on

international routes. Lutte (2014) forecast pilot shortages with an ANOVA-family model, distinguishing

major airlines from regional, but focus on staffing gaps measurement rather than airline operational

outcomes changes like my study.

2.2 Descriptive and pilot-pipeline 1 500-hour studies

Most work on the FOQ rule’s impact on airlines is descriptive, relying on content analyses,

correlation-based data evidence and industry commentary, whereas this thesis uses econometric

identification to estimate causally interpretable effects, providing more rigorous evidence. Traut (2019)

compile industry and legal data, concluding that the 1 500-hour rule has increased economic risks for

small communities without demonstrable safety benefits. Similarly, Hancock (2023) finds that the rule

may have contributed to the U.S. pilot shortage and recommends its revision. Caraway (2020) argue that,

although the rule does not directly cause the shortage, it is unnecessary, restrictive, and misaligned with

its intended safety goal, and that revising or eliminating it could ease supply constraints. Some studies

focus purely on FOQ rule public comments analysis, such as Jonesyoung and Leff (2023), who examine

its competitive impact, effects on charters and regional airlines, finding that it has increased market

consolidation, and Doolittle (2013), who advocate replacing quantitative thresholds with qualitative

standards. Samost (2018) content analysis focus on regional operations, which identify the 1,500-hour

rule as a barrier to pilot recruitment, linking the shortage to rising market concentration and predicting

substantial reductions in regional airline capacity and passengers if it continues, with major carriers

adopting strategies that could reshape the regional airline business model.

The final stream of literature on the 1,500-hour rule addresses pilot training and education, with

Basile (2013) examining its impact on pilot training programs and Bjerke et al. (2016); Smith et al. (2013,

2016) analysing pilot education and newly hired pilot characteristics in pilot source studies. Others,

like Lutte and Lovelace (2016) explore students’ attitudes toward regional airline careers or like Shane

(2016); Basile (2013) the relationship between pilot performance and new training requirements.
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2.3 Causal studies in comparable policy settings

Several airline-policy studies use, also employed in this thesis, Difference-in-Differences method to

examine operational outcomes, although for policies other than the FOQ rule. Bernardo et al. (2024)

apply a staggered DD to assess the impact of a European airline ticket tax on low-cost carrier flight

frequency. Helmers and van der Werf (2022) use the same approach to examine passenger changes

following the introduction of a per-passenger tax in Germany, while Falk and Hagsten (2019) analyse the

effects of a flight departure tax in Germany and Austria. In an international context akin to this thesis,

Bernardo and Fageda (2017) study the effect of an Open Skies agreement on U.S.-Morocco routes,

using routes to other African countries as the control group. Bilotkach et al. (2021) assess the impact

of a Southeast Asian Open Skies agreement on market structure by analysing changes in airline and

passenger numbers, distinguishing between low-cost and legacy carriers.

In contrast to DD, Bettini and Oliveira (2008) employs FGLS and Arellano-Bond panel-data

regressions to study seat capacity and market concentration — outcomes also analysed in this

thesis — under Brazil’s domestic deregulation. Njoya et al. (2018) use two-stage least squares (2SLS)

to assess the casual impact of liberalising the EU-Africa aviation market, instrumenting fares and

frequencies with liberalisation and LCC presence in their demand estimation. Fageda and Teixidó

(2022) isolate the impact of carbon pricing on airline operations across LCC, legacy and regional

carriers. This parallels the wage-related operating cost shock analysed in this thesis which also examines

disproportionate effects across business models.

An example from another industry is Abramova (2024), who use a staggered DD to examine the

U.S. accounting sector’s 150-hour rule which increased the licensure requirement by 30 credit hours and

extended the study period for Certified Public Accountant certification. The heightened entry barrier led

to an 18.8% increase in M&A activity — driven mainly by small-firm acquisitions — and contributed to

higher market concentration and firm exits. A comparable increase in licensing requirements under the

1,500-hour rule could reasonably be expected to produce a similar, inspected in my study, consolidation

effect.

2.4 Research gap addressed

To the best of the author’s knowledge, this study provides the first econometrically identified

causal impact of the FOQ rule for U.S. carriers’ exclusively on international routes, using

operational seat capacity to quantify the effect, and the first to employ an external cross-border

counterfactual — Canadian and Mexican carriers — to assess the rule. In FOQ modelling studies

Section§2.1, Luttmann and Nehiba (2020) focus on domestic markets and model scheduled departures
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without external control which is found to be better for capturing unobserved industry shocks than

comparison to the pre-trend dynamics and providing more reliable estimates due to not being bounded,

like their U.S. legacy counterfactual, by the policy. They also implemented DD, and this study extends

with Triple-Difference, that more cleanly isolates the rule’s effect on the legacy–regional operational

gap. Lutte (2014); Klapper and Ruff-Stahl (2019) offer non-experimental forecasts based on industry

trends, use non–seat-capacity outcomes, and report aggregated domestic–international effects. Moreover,

while the studies in Section§2.2 provide content analyses, industry facts and correlations, this thesis

complements them with econometrically identified causal estimates. This study complements the works

in Section§2.3 by showing how operational cost shocks — here, wage increases; there, taxes or

carbon pricing — affect operational airlines’ outcomes, separating impacts by their business model.

It also extends the body of econometric causal evidence in aviation along Open Skies agreements and

deregulations. This study also additionaly test in aviation the consolidation mechanism documented in

other licensed professions, like accounting’s 150-hour rule by Abramova (2024), where tighter entry

requirements raise concentration.

3 Economic mechanism and policy background

3.1 Theoretical framework: pilot shortage and market consolidation

The bill reduced pilot labour supply and constrained the inflow of new entrants (Luttmann and Nehiba,

2020). A reduced supply of professionals raises wages, leading to consolidation and market restructuring,

as described by Abramova (2024). The aviation industry is labour-intensive, with more than one-third

of revenue allocated to wages (Avjobs, Inc., n.d.), and when such wages are the predominant expense,

expanding firm size can be a way to offset rising labour costs caused by a limited supply of skilled

workers. By acquiring smaller firms, larger firms can spread fixed costs over a broader client base,

lowering total expenses, until the marginal benefits of increased size equal the marginal costs of doing

so.

The FOQ rule triggered a sudden reduction in the supply of First Officers, creating a shortage

that requires time for market wages and conditions to adjust (Jonesyoung and Leff, 2023). Following

operational shortcuts during the adjustment period, newly set higher prices reduce demand and shift

market structure, leaving only a few firms able to compete and pushing out smaller players. This

restriction on labour supply may unintentionally enhance incumbent market power, reduce consumer

choice, and change prices (Luttmann and Nehiba, 2020).
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3.2 Carrier responses and debate on the 1,500-hour Rule

Several findings support calls to roll back the 1,500-hour rule. First, the Colgan accident cannot be linked

to insufficient experience linked to having only CPL below 1,500 hours: both pilots already held ATP

certificates at the time of the crash (FAA, 2022a). Second, empirical evidence indicates that the rule

has not raised pilot quality, as collegiate aviation graduates with under 1,000 hours perform better in

regional airline training than more experienced peers (Smith et al., 2016; Basile, 2013). Because many

of the additional hours are accumulated through unsupervised flying, they may actually reinforce poor

habits (Valenta, 2018). Third, the regulation is misaligned with industry realities. Only 14 percent of

regional-airline pilots who began training between 2005 and 2011 possessed an ATP certificate (Smith

et al., 2013), revealing a gap between hiring patterns and legal requirements. In effect, by 2016, average

first-year pay at regional carriers had almost doubled relative to 2014 (Hampstead et al., 2024). Although

exemptions from the 1,500-hour requirement exist3, 11 of 12 regional airlines surveyed in 2014 reported

difficulty meeting hiring targets (GAO, 2014b).

The legacy carriers acknowledged that regional staffing challenges could impact service to certain

locations (GAO, 2014b). This prompted a strategic shift, with Delta operating mainline aircraft on

routes previously served by regionals (Boyd Group International, 2013; Delta Air Lines, 2012), bringing

capacity in-house to reduce reliance on regional partners who may fail to maintain hub connectivity

(Klapper and Ruff-Stahl, 2019). American Airlines also substituted smaller regional services with larger

planes while cutting flight frequency (Pik, 2022). By cutting lower-yield routes legacy airlines reduced

the operations in the most challenging markets (FLT Academy, 2025; Cranky Flier, 2014) and relocated

pilots to more profitable, high-demand services (FLT Academy, 2025). It can result in mainline carriers

intensifying international and other long-haul flying, where pilot utilisation is highest, thereby optimising

the use of scarce aviator resources.

Although some — including the public, the Federal Aviation Administration (FAA), Allied Pilots’

Association (APA) and Air Line Pilots Association (ALPA) President Capt. Jason Ambrosi — argue

that the rule is essential for maintaining aviation safety (Flying Magazine, 2025; Josephs, 2022;

Strzempkowski, 2025). Ambrosi also contends that the issue is not a pilot shortage, but rather a supply

chain issue in pilot training and redeployment following COVID-19 (Flying Magazine, 2025). ALPA

attributes regional airlines’ hiring problems to low pay, poor benefits, and limited career options (Samost,

2018). ALPA (2022) argue that, despite reduced airline operations, no shortage exists, citing BLS and

FAA data showing 1.5 certified pilots per job. However, such figures reflect overall workforce supply,

not the staffing constraints faced during peak periods or in regional airlines.
3Military-trained pilots and graduates of approved university programs can obtain a Restricted ATP with fewer hours (Bjerke

et al., 2016).
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4 Data

4.1 Sources and preprocessing of data

Main variables of interest

The dependent and key explanatory variables are obtained from the T-100 International Segment

dataset (BTS, 2025). It provides detailed flight4-level information for all services operated

by U.S. and foreign carriers on U.S.–Canada, Canada–U.S., U.S.-Mexico, and Mexico–U.S.

routes. The data used spans from 2010 to 2016. Observations originally are aggregated at

the origin–destination–airline–year–month–aircraft level. The key variables include the origin and

destination countries and airports5, unique operating carrier code, month and year of operation, and

number of available passenger’ seats.

Each carrier is assigned a base country and type — regional and legacy, as shown in Table C.1,

or LCC, cargo, other (e.g., private operators). Most U.S. carriers are classified based on Luttmann and

Nehiba (2020), while the remaining carriers are categorised through desk research. Data were aggregated

to the airport-pair–carrier–year–month level. While some, like Luttmann and Nehiba (2020); Aggarwal

and Schenone (2019) restrict the sample to continuously operated or high-frequency routes, such filters

are not applied here in order to avoid survivorship bias6. Applying them would remove nearly one-third

of the sample, substantially altering representativeness. Additionally, less-flown routes are most likely

to be contracted as a result of the policy, so excluding them from analysis may attenuate the estimated

policy effect7. Data-cleaning and processing steps are detailed in Appendix§A.

Control variables

Regional GDP and residential population: Obtained from the Regions and Cities Atlas (OECD, 2024).

The unit of analysis is "Regional–Tile Layer 2" level; for the U.S., it aligns with the state level. GDP

values are in constant 2015 USD, PPP-adjusted. The data spans from 1990 to 2023. To match regions

with city observations, Mexican and Canadian regions were identified through desk research. For U.S.

cities, state abbreviations included in the main dataset allowed for direct matching.

HHI: The HHI index is calculated by squaring the market share of each firm on a route and summing

the squared shares for each quarter, as in Luttmann and Nehiba (2020), with market shares measured in

seat capacity following Bernardo and Fageda (2017).
4A flight refers to a non-stop segment between two airports, as defined by Mayer and Sinai (2003).
5Airports are defined by IATA code.
6Survivorship bias is a bias that results from including only observations that have survived, excluding those that dropped

out or exited (Carpenter and Lynch, 1999).
7Nevertheless, as a robustness check, the sample is restricted to continuously operated routes, as described in Section§5.3.
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Real fuel prices: nominal U.S. Gulf Coast Kerosene-Type Jet Fuel prices are sourced from EIA

(2025). Following Luttmann and Nehiba (2020), real prices are calculated by deflating with the GDP

implicit price deflator (BEA, 2025), using Q4-2017 as the base period.

4.2 Descriptive statistics

Table 1: Summary statistics by carrier type

Panel A: Regional carriers
Control Treated

Variable Obs. Mean S. Dev Min Max Obs. Mean S. Dev Min Max

Seats 12051 3552.95 3803.36 6.00 28712.00 33241 2610.43 2604.41 2.00 17626.00
Passengers 12051 2335.76 2687.05 1.00 22255.00 33241 1968.02 1981.49 1.00 15356.00
Departures 12051 62.40 52.72 1.00 388.00 33241 44.82 43.27 1.00 349.00
Load factor 12051 0.63 0.18 0.01 1.00 33241 0.74 0.16 0.01 1.01
Seats per acft 12051 53.83 24.09 2.67 217.00 33241 57.31 17.58 2.00 126.00
HHI 12051 7397.21 2858.86 1756.79 10000.00 33241 6956.07 2901.48 1756.79 10000.00
Fuel price (USD) 12051 2.55 0.79 0.96 3.61 33241 2.54 0.79 0.96 3.61
Orig. GDP (’000 USD) 12051 58.02 27.73 11.98 206.17 33241 55.23 27.96 8.18 206.17
Dest. GDP (’000 USD) 12051 57.97 27.76 9.25 206.17 33241 56.15 27.79 8.18 206.17
Orig. pop. (m) 12051 11.64 7.13 0.03 39.17 33241 10.44 8.37 0.03 39.17
Dest. pop. (m) 12051 11.61 7.13 0.03 39.17 33241 10.76 8.57 0.03 39.17
Post (1=yes) 12051 0.48 0.50 0.00 1.00 33241 0.50 0.50 0.00 1.00

Panel B: Legacy carriers
Control Treated

Variable Obs. Mean S. Dev Min Max Obs. Mean S. Dev Min Max

Seats 13113 5141.22 6523.93 58.00 43467.00 26419 5209.03 5968.81 54.00 39983.00
Passengers 13113 4059.13 5275.23 1.00 40062.00 26419 4207.58 4921.12 2.00 35924.00
Departures 13113 41.20 53.91 1.00 371.00 26419 34.82 39.06 1.00 253.00
Load factor 13113 0.77 0.15 0.00 1.00 26419 0.79 0.15 0.01 1.00
Seats per acft 13113 125.27 39.51 50.00 458.00 26419 146.96 26.01 54.00 403.00
HHI 13113 6688.15 2648.05 1756.79 10000.00 26419 6981.04 2655.58 1756.79 10000.00
Fuel price (USD) 13113 2.58 0.77 0.96 3.61 26419 2.51 0.81 0.96 3.61
Orig. GDP (’000 USD) 13113 53.08 22.33 9.29 206.17 26419 47.82 24.71 9.14 206.17
Dest. GDP (’000 USD) 13113 52.98 23.09 9.14 206.17 26419 48.67 25.10 9.14 206.17
Orig. pop. (m) 13113 13.19 10.76 0.52 39.17 26419 11.51 11.46 0.03 39.17
Dest. pop. (m) 13113 13.10 10.76 0.03 39.17 26419 11.93 11.55 0.03 39.17
Post (1=yes) 13113 0.43 0.49 0.00 1.00 26419 0.51 0.50 0.00 1.00

Notes: The table reports number of observations, means, standard deviations, minima, and maxima for regional carriers
(Panel A) and legacy carriers (Panel B) after data cleaning. Statistics are from the 2010–2016 non-balanced panel sample,
split by treatment status (Treated = U.S.-based carriers; Control = Mexico- and Canada-based carriers). Post indicates the
post-policy period (1 = post, 0 = pre). Orig. and Dest. refer to the origin and destination countries’ GDP or population (pop.).
Seats per acft is the average number of available seats per aircraft, and Load factor is the ratio of passengers to seats.

As shown in Table 1, U.S. carriers dominate, with roughly twice as many legacy and nearly

three times as many among regional carriers’ observations. Weighted HHI between 6,681.04–7,397.21

across subgroups indicates highly concentrated route-markets, with some reaching 10,000 reflecting

monopoly months. Key covariates are well balanced: fuel prices are nearly identical across groups, and

origin/destination GDP and population are comparable, supporting groups’ market served similarity. The

post-policy share within 0.43–0.51 provides a reasonable split for identification.
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Among regional carriers, U.S.-based operators have load factors about 11 p.p. higher than

Mexico/Canada-based carriers, deploy larger gauges — 57.3 vs. 53.8 seats per aircraft — but operate

with fewer seats, passengers, and departures on average, which may reflect reduced pilot supply leading

to fuller planes, frequency cuts and upgauging after the 1,500-hour rule or structural differences. Seats

and passenger counts are more dispersed in the control group, indicating higher heterogeneity. Average

seats per aircraft ≤ 100 align with the regional carrier definition8. Occasionally, unusually low or high

seat and passenger counts may suggest that, although a carrier’s main business strategy is scheduled

services, it sometimes operates smaller private flights or deploys larger aircraft for specific purposes.

Legacy carriers are broadly similar across groups, with comparable load factors, capacity per aircraft,

and average seats and passengers, but they slightly differ in network focus: the control group serve

larger GDP and population destinations, while treated carriers also serve less populated, poorer regions.

Both groups show high SDs for seats and passengers, reflecting substantial variation between short-

and long-haul markets, with greater heterogeneity in the control group. 67% of foreign legacy carrier

observations are pre-policy, which may indicate reduced activity after policy implementation.

5 Empirical Strategy

5.1 Research design

Control group selection

Researchers have struggled to empirically assess FOQ-like policies due to the difficulty of identifying

a valid counterfactual (Luttmann and Nehiba, 2020). In this study, the issue is addressed by analysing

cross-border flights operated by U.S., forming a treated group, and foreign, forming a control group,

carriers. Only flights U.S.–Mexico, Mexico–U.S., Canada–U.S., and U.S.–Canada are analysed9. The

choice of these markets is motivated by their geographic proximity, since regional carriers predominantly

operate routes of less than 1,500 miles (Luttmann and Nehiba, 2020). Additionally, countries’ economic

sizes generate high volumes of air travel. In Mexico, First Officers need only a CPL with 180 flight hours

(DGAC, 2004) and in Canada with 200 flight hours (CourseCompare, 2024), which offers a suitable

regulatory difference from the 1,500-hour requirement. U.S. pilot migration to Mexican carriers is

unlikely given Spanish proficiency requirements (Aviationfly, 2025), while broader cross-border mobility

between the U.S., Canada, and Mexico is further constrained by visa and certification barriers. As they
8See Section§1.
9Due to cabotage restrictions and ICAO air freedom rules, only carriers from the country of origin or destination may operate

these routes, unless special fifth freedom rights are granted (ICAO, 2023; World Bank, 2009).
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are direct competitors in the same market environment, it suggests that they share key characteristics

and exhibit similar operational patterns. The parallel trends assumption is assessed via event-studies of

pre-treatment leads10. These coefficients are also tested for joint significance and whether their mean

equals zero.

Dependent variable

The main dependent variable is the number of seats, which has been used both as an indicator of market

concentration (ICAO, 2014; CAPA, 2023) and as an outcome in studies assessing policy effects in

the airline industry: Bernardo and Fageda (2017); Bettini and Oliveira (2008); Bilotkach et al. (2021);

Dobruszkes et al. (2022). In contrast to the choice of Luttmann and Nehiba (2020) seat capacity is

preferred over flight frequency which does not differentiate aircraft size11, and over passenger counts,

which capture realised demand rather than airline supply. In the complementary model, the dependent

variable is ln(HHI), following Luttmann and Nehiba (2020), to capture changes in route-market

concentration.

5.2 Econometric specification

The baseline model, estimated using OLS, follows the Triple-Difference specification:

ln(Yrkt) = β0 + β1 Postt + β2 (Postt ×Regionalk) + β3 (Postt × USk)

+ β4 (Postt ×Regionalk × USk) + γXrkt + δr + θt + εrkt.

(1)

Yrkt is the dependent variable for airport-airport 12 route13 r, time t (month & year), and carrier

k. Following Bernardo and Fageda (2017), the natural logarithm is applied to address scale differences

between carriers. Three dummy variables are included: Postt (1 in treatment and post-treatment time),

USk (1 if the carrier is US-based), and Regionalk (1 if the carrier is regional). Baseline period of

analysis is 2012–14, following Luttmann and Nehiba (2020). The treatment date is set to August 2013,

corresponding to the introduction of the policy (FAA, 2013). The coefficient of interest β4 isolates the
10The event study includes the same fixed effects and clustering structure as the model, but excludes additional controls to

avoid overfitting and ensure that only pre-trend dynamics are captured.
11As mentioned in Section§3.2 response to the pilot shortage, American Airlines and others substituted smaller regional

flights with larger aircraft, thereby reducing flight frequency (Pik, 2022), highlighting the importance of distinguishing between
flights operated with different aircraft sizes.

12Using airports instead of cities as the unit of observation allows for capturing variation in traffic and airline strategies
across airports within the same metropolitan area, which may differ in prestige, infrastructure, or slot constraints. For example,
although both JFK and LGA are in New York City, they differ substantially in these respects.

13As a route, in this study is defined one way from airport to airport. For instance, BJX-MDW and MDW-BJX are two distinct
routes.
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post-rule change for U.S. regionals vs U.S. legacies, net of the foreign regional-legacy change. β3 is the

post-rule U.S.-foreign difference within legacy carriers and β2 the post-rule regional-legacy difference

within foreign carriers.β1 is pre-post change for foreign legacy carriers. Xrkt symbolises the vector of

controls, while εrkt is the idiosyncratic error term.

Following Luttmann and Nehiba (2020); Helmers and van der Werf (2022); Whalen (2007);

Calzada et al. (2022), the route fixed effects (δr) are included to absorb time-invariant unobserved

route heterogeneity that may correlate with the variable of interest (Fageda et al., 2017). Following

Luttmann and Nehiba (2020); Calzada et al. (2022); Bernardo et al. (2024), month14 and year fixed

effects (θt) are included. Month dummies capture seasonal demand-supply cycles, as aviation is highly

seasonal (Narangajavana et al., 2014; Dobruszkes et al., 2022), while year dummies absorb year shocks

common to all units15. Standard errors are clustered by route, following Bernardo et al. (2024), allowing

within-route correlation16.

In addition, Difference-in-Differences models are estimated separately for legacy and regional

carriers17:
ln(Yrkt) = β0 + β1 Postt + β2 USk + β3 (Postt × USk)

+ γXrkt + δr + θt + εrkt.

(2)

The coefficient of interest β3 captures the post-rule change in Yrkt for U.S carriers relative to foreign.

Controls choice

HHI: Used only when Yrkt = ln(seats) to capture changes in market concentration that may influence

seat supply, following Luttmann and Nehiba (2020); Calzada et al. (2022); Bilotkach et al. (2019);

Bernardo and Fageda (2017); Bernardo et al. (2024); Fageda et al. (2017), who control for HHI when

examining operational outcomes such as seats, passengers, CO2 emissions, or flight frequency. Although

HHI is derived from seat counts and thus potentially endogenous, Luttmann and Nehiba (2020) find the

resulting bias to be negligible18.
14In subsequent specifications, where the data are aggregated to the quarterly level, quarter fixed effects are used in place of

monthly fixed effects.
15Although some studies, as Whalen (2007), include carrier fixed effects, they are excluded from the baseline, since treatment

varies at the carrier–nationality-level and such effects would absorb the identifying variation. Route and time fixed effects,
together with type and nationality dummies, already capture sufficient carrier heterogeneity. Carrier fixed effects are, however,
reported as a robustness check.

16Two-way clustering (route x carrier), as Luttmann and Nehiba (2020), is infeasible here given the limited number of
carriers, 10 legacy and 30 regional (Table C.1), relative to ≥500 routes. With few clusters, standard errors may be biased,
as asymptotic validity may not hold (Cameron et al., 2011). Nevertheless, a robustness specification with two-way clustering
(route × carrier) is reported. Moreover, because treatment is assigned at the carrier-nationality level, clustering by nationality
would be conceptually more natural but infeasible with only three clusters.

17The notation, OLS estimation and clustering follow Equation 1.
18Nevertheless, an additional model excluding ln(HHI) as a control is reported for robustness.
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Regional GDP and residential population: These variables proxy local demand which influence

airlines’ capacity and frequency decisions. Controlling for them mitigates the confounding of the

estimated treatment effect by cross-regional economic and demographic differences, following Fageda

et al. (2017); Luttmann and Nehiba (2020); Calzada et al. (2022); Bilotkach et al. (2019); Bernardo et al.

(2024).

5.3 Further robustness checks

Quarterly aggregation diagnostics

The models are also estimated using quarterly level aggregated data, following Bernardo et al. (2024)

and Luttmann and Nehiba (2020). This reduces observation granularity but ensures results are not driven

by short-term monthly seasonal fluctuations19.

Extended sample period: 2010-2016

While 2012–2014 is preferred to avoid confounding from other policies20, sensitivity to the baseline

window is checked using 2010–201621 data. In the 2012–2014 period carrier classification remains

stable, but outside it is not due to mergers: United and Continental began joint reporting in January

2012, while American Airlines and US Airways did not do so until July 2015.

Balanced panel routes

In airline studies, researchers often employ unbalanced panels when using carrier–route–city data (e.g.

Bernardo et al., 2024; Luttmann and Nehiba, 2020; Whalen, 2007) or route–city level data (e.g. Helmers

and van der Werf, 2022; Calzada et al., 2022; Bernardo and Fageda, 2017). Others, like Bilotkach et al.

(2021), working on more aggregated year-route-country data where the likelihood of observing panel

gaps is lower, utilise a balanced panel. Following Helmers and van der Werf (2022); Bettini and Oliveira
19Yearly aggregation is not considered, as it would remove most treatment timing variation and substantially limit

identification of dynamic effects.
20(i) The U.S.–Mexico Open Skies agreement (August 2016), removed previous restrictions that limited most city pairs

to two, and in some cases three, airlines per country, allowing unlimited competition (White & Case LLP, 2016). (ii)
Mexican airlines were downgraded in the International Aviation Safety Assessment (July–December 2010), which prohibited
the launching of new flights or adding aircraft on U.S. routes and expanding codeshare agreements (Simple Flying, 2022),
restricting their U.S.-Mexico operations. (iii) Canada and Mexico signed an air transport agreement to ease restrictions (June
2016) (Government of Canada, 2016).

21Here, as in all robustness checks, the sample includes all carriers operating during the relevant analysis window, rather than
being restricted solely to those active in 2012–2014, in order to capture the full impact on the market environment.
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(2008), a balanced panel is created by restricting the sample to routes with continuous service over the

analysis window to isolate effects on stable routes and test whether baseline results are driven by sample

composition or irregular routes. This approach has limitations: many routes are seasonal, so missing

months may simply reflect normal scheduling patterns rather than route exit or instability.

Policy proposal placebo tests

Placebo tests setting policy announcement, Feb-2012 (Notice of Proposed Rulemaking), following

Luttmann and Nehiba (2020), and Feb-2010 (Advance Notice of Proposed Rulemaking) as treatment

dates, examine for the anticipation effect and whether the jump at the original policy implementation

date is spurious.

Canadian carriers as the sole control group

In the synthetic control analysis for regional carriers, being the main focus of this study, Canadian carriers

received full weight, suggesting they are the closest match to U.S. regionals. Therefore, a separate model

is estimated using only Canadian carriers as the control group to provide a more credible counterfactual.

Controlling for jet-fuel prices

Between June-2014–December-2014 there was a 44% decline in Brent crude oil prices, one of the

sharpest in recent history (Kilian, 2016). Fuel costs represent roughly 10–45% of airlines’ total operating

expenses (Sibdari et al., 2018) and changes in fuel prices influence airlines’ operational structure: higher

prices are linked to larger aircraft and reduced flight frequency Dong et al. (2025), while flight frequency

itself, and thus seat capacity, can increase fuel demand and prices (Luttmann and Nehiba, 2020). Because

of potential endogeneity and reverse causality, fuel prices are not included in the baseline model but in

robustness checks. Fuel shocks, though common and partly absorbed by time fixed effects, may elicit

heterogeneous responses across carriers.
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Mean pre-coeff: –0.065 (Std. err.=0.056, t = −1.17, p = 0.242, 95% CI: –0.174 to 0.044)
F-test: F (18, 1972) = 2.61, p = 0.0002

(b) Legacy carriers
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Mean pre-coeff: –0.147 (Std. err.=0.074, t = −1.99, p = 0.046, 95% CI: –0.291 to –0.002)
F-test: F (18, 2032) = 5.95, p = 0.0000

Additional note: Monthly panel, 2012–14, by carrier type.
General notes for all event-study figures: Point estimates show the treatment effects relative to the month
prior to the treatment, comparing treated units with controls. Error bars represent 95% confidence intervals;
the vertical green dashed line marks the treatment date. Mean pre-coefficient is the average of pre-treatment
event-time estimates. The coefficient at t = −1 is omitted to avoid multicollinearity (and not shown on the
x-axis). F-tests evaluate the null that all pre-treatment coefficients are jointly equal to zero. All models include
route, month (or quarter in quarterly specifications) and year fixed effects. Standard errors are clustered at
the route level.

Figure 1: Event-study estimates with formal pre-trend tests for ln(seats)

6 Results

6.1 Baseline models

ln(seats) as dependent variable

In the event-study (Figure 1) for regional carriers, the average pre-treatment effect is statistically

indistinguishable from zero (−0.065, p = 0.242), although all pre-treatment coefficients = 0 is rejected

(p = 0.0002), confirming visible pre-period fluctuations around zero. The estimates turn persistently

negative for all post-treatment months. For legacy carriers, cyclical changes are also apparent. The mean

pre-treatment effect is modestly negative, but not statistically different from zero at a 4.5% significance

level; the joint pre-test is strongly rejected (p < 0.001). From one month after the policy, legacy carriers’
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estimates fall below zero, but from month +5 onward remain positive, indicating a relative upshift of

U.S. compared with foreign. In the broader 2010–2016 perspective (Figure 3), the pre-treatment mean

is not different from zero (p = 0.18), suggesting that part of the shorter window’s pre-period deviations

reflects cyclical variation.

Table 2: Triple-Difference (DDD) estimates for ln(seats)

(1) (2) (3) (4)
Variable Baseline DDD Excluding HHI 2-way clustered SEs With carrier FE

Post -0.334*** -0.334*** -0.334 -0.268***
(0.076) (0.076) (0.210) (0.069)

US × Post 0.203** 0.207** 0.203 0.273***
(0.096) (0.096) (0.320) (0.072)

Regional × Post 0.677*** 0.684*** 0.677** 0.374***
(0.124) (0.125) (0.319) (0.093)

Regional × US × Post -0.620*** -0.627*** -0.620* -0.477***
(0.142) (0.142) (0.363) (0.099)

ln(HHI) 0.238*** 0.238* 0.174***
(0.049) (0.140) (0.049)

ln(GDPdest) 1.265* 1.206* 1.265 1.349**
(0.706) (0.713) (1.091) (0.676)

ln(GDPorigin) 1.550** 1.494** 1.550 1.446**
(0.678) (0.680) (1.189) (0.644)

ln(Popdest) 3.272** 2.985** 3.272 2.054
(1.418) (1.434) (2.599) (1.286)

ln(Poporigin) 3.184** 2.927** 3.184 1.864
(1.403) (1.419) (2.568) (1.253)

Constant -127.227*** -115.281*** -127.227 -86.259***
(38.320) (39.084) (96.565) (33.171)

Observations 34,875 34,875 34,875 34,875
R-squared 0.586 0.585 0.586 0.634
Carrier FE No No No Yes
Clusters 1,357 1,357 33 1,357

Notes: Monthly panel, 2012–2014. All models include route, year, and month fixed effects. Robust standard errors
clustered at the route level are reported in parentheses in columns (1), (2), and (4), while two-way clustered at the
route and carrier level in (3). Significance levels: *** p<0.01, ** p<0.05, * p<0.1.

Table 2 reports baseline DDD results with robustness checks: excluding HHI, using two-way

clustered SEs22, adding carrier FE23. In the baseline, all estimated coefficients are significant at

the 10%-level, and the large number of clusters (1,357) mitigates few-cluster concerns. Relative to

pre-policy foreign legacies: post-policy foreign legacies contracted by 28.4%24 whereas U.S. legacies

by roughly 12.3%25, indicating a less severe decline; Foreign regionals expanded by about 40.9%26,

when U.S. regionals declined 7.1%27. The pattern — U.S. regionals underperform foreign regionals

and U.S. legacies outperform foreign legacies — persists across Table 2 specifications. Baseline

triple-interaction term, indicating 46.2%28 U.S. legacy–regional gap extension relative to foreign gap
22SEs stands for Standard Errors.
23FE stand for Fixed Effects.
24Percentage change from the log coefficient −0.334: 100× (e−0.334 − 1) = −28.4%
25e−0.334+0.203 − 1
26e−0.334+0.677 − 1
27e(−0.334+0.677+0.203−0.620) − 1
28e−0.620 − 1
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with [−59.3%,−28.9%]29 95%CI30, remains negative and significant, while US × Post positive and

significant except under two-way clustering. The positive ln(HHI) across models indicates a positive

association between concentration and seats31, while R-squared values exceed 0.58, indicating models

explain a substantial share of the variation. With carrier FE, all interaction terms remain highly

significant, but reduces the magnitude of the triple-interaction. Two-way clustering widens standard

errors due to only 33 carriers; Nevertheless, the triple interaction stays significant at 10%-level.

Table 3: Difference-in-Differences (DD) estimates for ln(seats)

(1) (2) (3)
Variable DD (Regional) DD (Legacy) DD (Regional, CA control)

Post 0.112* -0.217*** 0.128*
(0.058) (0.067) (0.066)

US -0.138 -0.121 -0.128
(0.121) (0.162) (0.135)

US × Post -0.209*** 0.289*** -0.268***
(0.061) (0.069) (0.069)

ln(HHI) 0.359*** -0.143 0.409***
(0.052) (0.095) (0.057)

ln(GDPdest) -0.810 2.964** -1.838
(0.861) (1.150) (1.354)

ln(GDPorigin) -0.701 3.537*** -1.385
(0.850) (1.050) (1.408)

ln(Popdest) -0.688 3.968** -0.496
(2.103) (1.721) (2.666)

ln(Poporigin) -0.564 4.089** 0.186
(2.073) (1.604) (2.637)

Constant 40.496 -188.174*** 44.131
(42.808) (53.205) (52.603)

Observations 18,773 15,958 14,109
R-squared 0.655 0.702 0.639
Clusters 760 825 535

Notes: Monthly panel, 2012–2014. DD (Regional) reports Difference-in-Differences estimates for regional
carriers; DD (Legacy) for legacy carriers. DD (Regional, CA control) reports DD estimates for regional carriers
using Canadian carriers as the sole control group. All models include route, year, and month fixed effects. Robust
standard errors clustered at the route level are reported in parentheses. Significance levels: *** p<0.01,
** p<0.05, * p<0.1.

Table 3 (col.1 and col.2) reports Difference-in-Differences estimates. Pre-period U.S.–foreign level

differences are insignificant in both samples. Interactions are significant (p≤0.01) in both models;

Post also (p≤0.10). Foreign regionals increase seats post-policy by 11.9%32. U.S. regionals contracted

relatively more to them by 18.9%33([-28.0%, -8.6%]34 95% CI). Foreign legacies contract post-policy by
29[−0.898,−0.342]
30CI stands for Confidence Interval.
31Although this is a correlation, not a causal association. In theory, lower competition, higher HHI, is associated with fewer

scheduled flights (Fageda et al., 2017) and therefore seats, so a negative sign is more expected.
32e0.112 − 1
33e−0.209 − 1
34[-0.329, -0.089]
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19.5%35. U.S. legacies’ change was relative to them 33.5%36 higher ([16.6%, 52.8%] 95% CI). Among

controls, ln(HHI) is positive and significant in the regional carriers’ model; in the legacy model, GDP and

population (origin/destination) are significant. Models have 760 and 825 clusters, mitigating few-cluster

concerns.

Dropping the market controls does not materially alter the baseline results (Table C.3). In DDD,

the triple-interaction term moves from −0.620 to −0.632, while the other interaction terms also shift

modestly (Regional × Post: 0.677 to 0.660; US × Post: 0.203 to 0.229). In the DD models: total

pre-post change for U.S. regionals is −9.2%37 with controls versus −8.8%38 without controls. For

legacies, magnitudes are somewhat larger without controls, raising the implied pre-post total for U.S.

legacies from 7.5%39 to 9.9%40. Signs and significance levels remain the same throughout, with U.S.

coefficient being insignificant, and R2 values nearly identical.

ln(HHI) as dependent variable

(a) Regional carriers
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Mean pre-coeff: –0.021 (Std. err.=0.017, t = −1.27, p = 0.205, 95% CI: –0.053 to 0.011)
F-test: F (18, 1972) = 1.80, p = 0.0201

(b) Legacy carriers
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Mean pre-coeff: 0.024 (Std. err.=0.016, t = 1.46, p = 0.146, 95% CI: –0.008 to 0.056)
F-test: F (18, 2032) = 1.94, p = 0.0102

Additional notes: Monthly panel, 2012–14, by carrier type. General notes as in Figure 1.

Figure 2: Event-study estimates with formal pre-trend tests for ln(HHI)

35e−0.217 − 1
36e0.289 − 1
37e0.112−0.209 − 1
38e0,128−0,220 − 1
39e0.289−0.217 − 1
40e0.343−0.249 − 1
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All pre-treatment confidence intervals for regionals overlap with zero, and all but two, with only

slight deviations, do so for legacies (Figure 2). For regional carriers, the average of pre-treatment leads is

not statistically different from zero (−0.021, p = 0.205), while the joint pre-trend test does not reject that

all pre-treatment coefficients are zero at the 2% level. For legacy carriers, the mean pre-treatment effect

is also not significant (0.024, p = 0.146); the joint pre-trend test does not reject at 1%. In the legacy

Table 4: Triple-Difference (DDD) and Difference-in-Differences (DD) estimates for ln(HHI)

(1) (2) (3)
Variable DDD DD (Regional) DD (Legacy)

Post -0.002 0.017 -0.003
(0.011) (0.016) (0.011)

US -0.044*** 0.015*
(0.012) (0.009)

US × Post 0.015 0.004 0.003
(0.010) (0.015) (0.012)

Regional× Post 0.030**
(0.013)

Regional ×US × Post -0.032**
(0.015)

ln(GDPdest) -0.247 -0.008 -0.201
(0.257) (0.311) (0.339)

ln(GDPorigin) -0.235 -0.029 -0.183
(0.254) (0.305) (0.343)

ln(Popdest) -1.207** -2.397*** -0.120
(0.545) (0.917) (0.512)

ln(Poporigin) -1.081** -2.003** -0.143
(0.537) (0.945) (0.498)

Constant 50.183*** 78.936*** 17.005
(13.904) (21.646) (12.180)

Observations 34,875 18,773 15,958
R-squared 0.862 0.863 0.872
Clusters 1,357 760 825

Notes: Monthly panel, 2012–2014. DD by carrier type; DDD on the pooled sample of both carrier types. All
models include route, year, and month fixed effects. Robust standard errors clustered at the route level are reported
in parentheses. Significance levels: *** p<0.01, ** p<0.05, * p<0.1.

and regional DD results (Table 4), interaction terms are statistically insignificant at the 10%-level and

small in magnitude, indicating no statistically significant U.S.-foreign differences and limited potential

economic importance relative to the changes in seats. In the DDD, the triple interaction suggests that

on average the U.S. legacy–regional route-level HHI gap widened by 3.1%∗∗41 ([0.3%, 6.0%]42 95% CI)

relative to the foreign legacy–regional gap. Across all models, there is large number of clusters and above

86% R2 indicates that specifications explain a substantial share of the variation in ln(HHI).

Quarterly aggregation diagnostics: ln(seats) and ln(HHI) pre-trends are noisier; Estimates match

monthly statistically significant DD and DDD foreign-U.S. differential post-policy strong effects in the

same directions and are significant (see: Appendix§B).
41e−0.032 − 1
42[0.003, 0.061]
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6.2 Further robustness checks

Extended sample period: 2010-2016

(a) Regional carriers
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Mean pre-coeff: –0.028 (Std. err.=0.065, t = −0.43, p = 0.669, 95% CI: –0.156 to 0.100)
F-test: F (42, 1972) = 3.42, p = 0.0000

(b) Legacy carriers
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Mean pre-coeff: –0.105 (Std. err.=0.079, t = −1.34, p = 0.181, 95% CI: –0.260 to 0.049)
F-test: F (42, 2032) = 4.28, p = 0.0000

Additional notes: Monthly panel, 2010–16, by carrier type. Blue vertical dashed lines delimit the baseline
analysis window (2012–2014). General notes as in Figure 1.

Figure 3: Event-study estimates for extended-sample period with formal pre-trend tests for ln(seats)

For regional carriers (Figure 3), the average pre-treatment effect is not statistically different from

zero (−0.028, p = 0.669), although a joint zero-equallity test rejects (p < 0.001), indicating pre-period

fluctuations and possibly visually noticeable slight negative drift in pre-treatment coefficients, which

becomes more pronounced after the policy date. Nevertheless, from about 30 months prior up to the

treatment, leads oscillate around zero, followed by a clear post-policy decline in U.S. regional carriers’

ln(seats) relative to foreign. For legacy carriers, the pre-treatment mean is not significantly different from

zero (−0.105, p = 0.181), while the joint pre-trend zero-equality test strongly rejects (p < 0.001), as the

estimates oscillate around zero. Coefficients are slightly negative for the first four months post-policy,

thereafter positive.
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Table 5: Triple-Difference (DDD) and Difference-in-Differences (DD) for extended sample period for
ln(seats)

(1) (2) (3)
Variable DDD DD (Regional) DD (Legacy)

Post -0.259*** 0.278*** -0.248***
(0.076) (0.062) (0.061)

US -0.122 -0.099
(0.110) (0.145)

US × Post 0.188** -0.440*** 0.272***
(0.096) (0.068) (0.067)

Regional × Post 0.659***
(0.114)

Regional × US × Post -0.773***
(0.128)

ln(HHI) 0.158*** 0.280*** -0.163**
(0.035) (0.045) (0.073)

ln(GDPdest) 0.841*** -0.025 1.789***
(0.232) (0.232) (0.376)

ln(GDPorigin) 1.018*** 0.275 1.937***
(0.239) (0.235) (0.380)

ln(Popdest) 1.990*** 0.676 1.317**
(0.578) (0.967) (0.664)

ln(Poporigin) 1.814*** 1.145 1.122*
(0.588) (0.979) (0.679)

Constant -74.271*** -26.732 -69.333***
(14.847) (20.531) (18.839)

Observations 83,664 44,491 38,973
R-squared 0.588 0.662 0.667
Clusters 2,014 1,186 1,191

Notes: Monthly panel, 2010–16. DD by carrier type; DDD on the pooled sample of both carrier types. All models
include route, year, and month fixed effects. Robust standard errors clustered at the route level are reported in
parentheses. Significance levels: *** p<0.01, ** p<0.05, * p<0.1.

In the 2010–2016 DDD (Table 5), the triple interaction is −0.773∗∗∗43, larger in magnitude than

in the 2012–2014 baseline −0.620∗∗∗44(Table 2). The Post equals −0.259∗∗∗45, and Regional×Post

is 0.659∗∗∗46, indicating still a strong decline of foreign legacies and strong expansion of foreign

regionals relative to foreign legacies. DD estimates: U.S. regionals reduce capacity more than foreign

by 35.6%∗∗∗47, even more than 18.9%∗∗∗48 in the 2012–2014 DD (Table 3). The U.S. legacies relative

to foreign rose 31.3%∗∗∗49, similarly to the 2012–2014 33.5%∗∗∗50 estimate.
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Mean pre-coeff: 0.060 (Std. err.=0.213, t = 0.28, p = 0.779, 95% CI: –0.360 to 0.479)
F-test: F (18, 202) = 7.32, p = 0.0000

(b) Legacy carriers
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Mean pre-coeff: –0.194 (Std. err.=0.290, t = −0.67, p = 0.505, 95% CI: –0.766 to 0.378)
F-test: F (18, 158) = 4.44, p = 0.0000

Additional notes: Monthly panel, 2012–14, by carrier type. General notes as in Figure 1.

Figure 4: Balanced-panel routes event-study estimates with formal pre-trend tests for ln(seats)

Balanced panel routes

For both groups’ full-panel sample event-studies’ (Figure 4) confidence intervals overlap zero

throughout, with the point estimates staying near zero, with no change between pre- and post-policy

trends. The mean pre-treatment effect is statistically not different from zero for regionals (0.060,

p = 0.779) and legacies (−0.194, p = 0.505), but the joint pre-test rejects for both (p < 0.001).

Across the balanced-panel DDD and DD models (Table 6), all non-control coefficients are

insignificant and remarkably smaller in magnitude than in the baseline (Tables 2, 3). 95% confidence

intervals for interaction terms of interest do not even overlap the baseline point estimates: DDD

[−0.307, 0.237] vs. baseline −0.620∗∗∗; DD for regionals is [−0.118, 0.012] vs. −0.209∗∗∗, and

[−0.083, 0.039] for legacies versus 0.289∗∗∗. Sample size falls sharply: DDD 34,875 to 14,436 (clusters

43e−0.773 − 1 = −53.8%
44e−0.620 − 1 = −46.2%
45e−0.259 − 1 = −22.8%
46e0.659 − 1 = +93.3%
47e−0.440 − 1
48e−0.209 − 1
49e0.272 − 1
50e0.289 − 1
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Table 6: Triple-Difference (DDD) and Difference-in-Differences (DD) estimates for ln(seats) on a
balanced panel of routes

(1) (2) (3)
Variable DDD DD (Regional) DD (Legacy)

Post 0.101 0.039 0.038
(0.091) (0.034) (0.031)

US 0.057 -0.234
(0.272) (0.482)

US × Post -0.013 -0.053 -0.022
(0.104) (0.033) (0.031)

Regional × Post -0.118
(0.105)

Regional × US × Post -0.035
(0.139)

ln(HHI) 0.297*** 0.431*** -0.048
(0.061) (0.068) (0.105)

ln(GDPdest) 0.195 0.407 0.466
(0.439) (0.533) (0.717)

ln(GDPorigin) 0.266 0.514 0.561
(0.450) (0.567) (0.720)

ln(Popdest) 1.179 0.968 2.386**
(0.950) (1.842) (1.010)

ln(Poporigin) 0.793 -0.274 2.340**
(0.959) (1.881) (1.002)

Constant -30.626 -16.776 -77.072***
(20.813) (31.593) (23.090)

Observations 14,436 8,172 6,264
R-squared 0.758 0.743 0.766
Clusters 350 203 159

Notes: Monthly panel, 2012–2014. DD by carrier type; DDD on the pooled sample of both carrier types. All
models include route, year, and month fixed effects. Robust standard errors clustered at the route level are reported
in parentheses. Significance levels: *** p<0.01, ** p<0.05, * p<0.1.

1,357 to 350), regional DD 18,773 to 8,172 (clusters 760 to 203), and legacy DD 15,958 to 6,264 (clusters

825 to 159). Precision of interaction coefficients of interest improves in the DD models (SE on US×Post:

0.061 to 0.033 for regionals; 0.069 to 0.031 for legacies), while for DDD is roughly unchanged (0.142

to 0.139).

Policy proposal placebo tests

Figure 5 Feb-2010 placebo event-studies show no treatment jumps. For regionals, the mean of

pre-treatment coefficients is visually positive, with coefficients oscillating above zero, but statistically

not different from zero at 1% level (0.124, p = 0.019). The joint pre-trend test rejects (p=0.0001). For

legacies, 3 out of 19 pre-treatment confidence intervals do not overlap zero, showing regular ups and dips,

while the mean pre-effect is not significant (−0.023, p = 0.681) though the joint test rejects (p=0.0000).

Table 7 confirms no placebo effect with all non-statistically significant DDD and DD post/treatment

coefficients, except the marginally positive for legacies’ DD Post term.
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(a) Regional carriers
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Mean pre-coeff: 0.124 (Std. err.=0.053, t = 2.36, p = 0.019, 95% CI: 0.021 to 0.227)
F-test: F (18, 1972) = 2.82, p = 0.0001

(b) Legacy carriers
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Mean pre-coeff: –0.023 (Std. err.=0.057, t = −0.41, p = 0.681, 95% CI: –0.134 to 0.088)
F-test: F (18, 2032) = 6.85, p = 0.0000

Additional notes: Monthly panel, by carrier type. Treatment date: February 2010; event window: 19
pre-treatment and 16 post-treatment months, consistent with the baseline specification. General notes as in
Figure 1.

Figure 5: Placebo Feb-2010 event-study estimates with formal pre-trend tests for ln(seats)

Figure 6 Feb-2012 monthly placebo event-studies show no post-policy break. For regionals, all but

one pre-treatment CI cross zero, with the coefficients’ mean statistically indistinguishable from zero

(0.021, p = 0.700), though a joint pre-trend test rejects (p=0.0005). For legacies, the mean pre-effect

is also insignificant (−0.098, p = 0.129). The joint test rejects (p=0.0000) as pre-treatment coefficients

oscillate around zero, with 5 of 19 CI below zero. DD legacies and the DDD model (Table 7) have all

interaction coefficients insignificant. By contrast, the DD regional model indicates a 9.1%∗∗∗51 reduction

in seats on average for U.S. regionals relative to foreign. Using quarterly aggregation, Feb-2010 and

Feb-2012 placebo tests yield no statistically significant DD or DDD foreign-U.S. differential post-policy

effects (see Appendix§B).
51e−0.095 − 1
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(a) Regional carriers
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Mean pre-coeff: 0.021 (Std. err.=0.054, t = 0.39, p = 0.700, 95% CI: –0.086 to 0.127)
F-test: F (18, 1972) = 2.50, p = 0.0005

(b) Legacy carriers
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Mean pre-coeff: –0.098 (Std. err.=0.065, t = −1.52, p = 0.129, 95% CI: –0.225 to 0.029)
F-test: F (18, 2032) = 3.74, p = 0.0000

Additional notes: Monthly panel, by carrier type. Treatment date: February 2012; event window: 19
pre-treatment and 16 post-treatment months, consistent with the baseline specification. General notes as in
Figure 1.

Figure 6: Placebo Feb-2012 event-study estimates with formal pre-trend tests for ln(seats)

Canadian carriers as the sole control group

Figure C.1 shows the event-study for regional carriers using Canadian airlines as the control. The average

pre-treatment effect is not significantly different from zero (−0.039, p = 0.545), but joint pre-trend tests

reject (p = 0.0001), indicating some pre-period fluctuations. At the policy date, the coefficients shift

downward and remain negative thereafter. Table 3 (col.3) reports the DD interaction term is −0.268∗∗∗52,

indicating a larger relative drop than with the pooled Canadian&Mexican control −0.209∗∗∗53. Canadian

regionals expanded 13.7%∗54 in the post-treatment period. Pre-period U.S.-foreign difference stays

insignificant. Controls keep the same signs and significance levels.
52e−0.268 − 1 = −23.5%
53e−0.209 − 1 = −18.9%
54e0.128 − 1
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Table 7: Placebo Triple-Difference (DDD) and Difference-in-Differences (DD) estimates for ln(seats)

Feb-2010 Feb-2012

(1) (2) (3) (4) (5) (6)
Variable DDD DD (Regional) DD (Legacy) DDD DD (Regional) DD (Legacy)

Post -0.064 0.038 0.089* -0.045 0.035 -0.003
(0.078) (0.057) (0.048) (0.088) (0.056) (0.046)

US 0.045 0.094 -0.029 -0.005
(0.127) (0.123) (0.141) (0.161)

US× Post 0.093 -0.083 -0.063 -0.019 -0.095** -0.043
(0.095) (0.052) (0.050) (0.102) (0.038) (0.041)

Regional × Post 0.138 0.134
(0.139) (0.140)

Regional × US × Post -0.148 -0.121
(0.161) (0.157)

ln(HHI) 0.231*** 0.206*** 0.033 0.096** 0.199*** -0.270***
(0.049) (0.066) (0.078) (0.045) (0.074) (0.081)

ln(GDPdest) -0.318 0.334 -0.851 0.058 1.158* -1.411**
(0.330) (0.345) (0.522) (0.450) (0.656) (0.641)

ln(GDPorigin) -0.156 0.269 -0.616 -0.012 0.822 -1.502**
(0.300) (0.320) (0.473) (0.406) (0.623) (0.633)

ln(Popdest) 2.369** 3.900* 1.063 1.731* -1.685 1.396
(1.207) (2.104) (1.469) (0.995) (1.906) (1.108)

ln(Poporigin) 2.756** 3.089 1.685 1.581* -0.681 0.942
(1.190) (2.235) (1.447) (0.953) (1.819) (1.139)

Constant -70.440** -111.463** -20.454 -46.307* 21.518 4.240
(30.592) (43.934) (39.082) (23.775) (32.407) (31.610)

Observations 37,098 17,908 19,049 35,224 18,897 16,186
R-squared 0.620 0.751 0.662 0.625 0.713 0.729
Clusters 1,494 840 909 1,364 773 810

Notes: Monthly panel. DD by carrier type; DDD on the pooled sample of both carrier types. All models include
route, year, and month fixed effects. Robust standard errors clustered at the route level are reported in parentheses.
Placebo treatment date: February 2010 (left panel), February 2012 (right panel); event window: 19 pre-treatment
and 16 post-treatment months, consistent with the baseline specification. Significance levels: *** p<0.01,
** p<0.05, * p<0.1.

Controlling for jet-fuel prices

Results are robust to including fuel prices (Table C.3). The triple-interaction term remains strongly

negative (−0.619∗∗∗ vs. −0.620∗∗∗), with other interaction coefficients staying essentially unchanged

(up to 0.001 difference) and significant in the DDD model. DD models’ estimates match the baseline

pattern: U.S. regionals contract 18.8%∗∗∗55, while U.S. legacies expand 33.4%∗∗∗56 relative to foreign

counterpads. Second fuel lag is significant for DDD, 3rd for DD regionals and 2nd with 3rd for DD

Legacy.
55e−0.208 − 1
56e0.288 − 1
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7 Discussion

Small oscillations of the event-studies coefficients around zero likely reflect differences in seasonal cycles

in flight operations between treated and control carriers, as air transport is strongly seasonal (Dobruszkes

et al., 2022), rather than divergent long-run trends. It likely induces rejection of the joint pre-trend

null, even though the mean and the plots show no systematic deviation. Nevertheless, the models’

estimates should be interpreted with caution. In legacy carriers’ monthly ln(seats) event-study, the brief

four-month-long post-policy dip may be due to short-run adjustment or continuation of cyclical variation,

as the overall post-policy trend is upward relative to foreign. U.S and foreign regional carriers appear to

follow a similar monthly-data trend; nevertheless, in the quarterly-data non-placebo event-studies, the

pre-treatment coefficients in most cases fail the checks, so the quarterly models’ estimates should be

treated descriptively rather than causally. The 2010–2016 event-study shows a slight drift, suggesting

that U.S. regional seat cuts might have begun before the policy or relative expansion of foreign carriers,

making the estimated treatment effect overly negative, or capturing anticipation.

Although the FAA has disputed the existence of the 1,500-hour rule-induced pilot shortage

(Josephs, 2022), this study documents policy negative spillover: across all non-balanced panel monthly

specifications, results show that following the policy introduction, U.S. regionals underperform relative

to foreign regionals while U.S. legacies outperform foreign legacies, extending the U.S. legacy-regional

gap. The baseline models DDD triple-interaction and DD interaction terms for legacy and regional

carriers estimates remain significant, high and consistent in sign under all unbalanced non-placebo

panel specifications, except for quarterly regional DD, where the coefficient is still strongly negative,

but statistically insignificant. The choice of controls appears to be valid, as all are significant and the

baselines model’ R-squared is sufficiently high. Across all models, based on DDD point estimates,

the U.S. legacy-regional seat gap is [37.9%, 53.8%]57 larger than the foreign legacy-regional. The

baseline DD interaction term for regional carriers indicates, based on statistically significant point

estimates, [18.8%, 35.6%]58 decline of U.S. relative to foreign regionals. Results are consistent in sign

with Luttmann and Nehiba (2020), reporting a 4–7% decrease in domestic regional carriers’ scheduled

departures due to the policy. Additionally, they find legacy carriers were unaffected domestically, thereby

increasing incumbent power and market concentration. In contrast, my DD results imply that U.S.

legacies increased international seat capacity drastically by [31.3%,47.0%]59, based on point estimates,

relative to foreign, making the concentration effect even more severe. Adopting Luttmann and Nehiba

(2020) specification with carrier fixed effects attenuates my estimates, but they remain sizeable and
57[-0.773, -0.477]
58[-0.440, -0.208]
59[0.272, 0.385]
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statistically significant. The legacy increase likely reflects reallocating capacity to higher-yield markets

and backfilling routes vacated by regionals (Klapper and Ruff-Stahl, 2019; Samost, 2018). The U.S.

regional carriers’ operations contraction may suggest that the rule disadvantaged them relative to foreign

regional carriers, while U.S. legacies’ expansion increased pressure on foreign legacies.

Estimates are economically large and support the following documented patterns: the 1,500-hour

rule had a consolidation effect (Jonesyoung and Leff, 2023), regional carriers were disproportionately

affected (Bjerke et al., 2016) and regional operations declined (Traut, 2019). Decrease in regional

airline seat capacity aligns with the broader downward operational (Klapper and Ruff-Stahl, 2019)

and staffing-problem (Lutte, 2014) trend of regional airlines. Findings are consistent with regional

carriers’ operations being more sensitive to operating-cost increases — here, pilot wages — than legacies,

consistent with Fageda and Teixidó (2022) evidence from carbon-pricing shocks.

The U.S. airline industry is highly concentrated: the CR4 ratio is ≈ 70%, measured by

passenger-miles (Gifford and Kudrle, 2016). The 2010–2016 aggregated U.S. legacies seat supply in

U.S.–Mexico and U.S.–Canada markets is 138.6 million seats, while U.S. regionals 86.860 million

(Table 1). Under a stylised assumption of equal proportional effects within groups and equal within-group

starting shares, a shift of capacity from ≤3061 U.S. regionals to ≤7 U.S. legacies increases market

concentration relative to the no-policy counterfactual, since share moves from many smaller-share firms

to fewer larger-share ones. With uneven impacts, aggregate concentration is theoretically ambiguous, as

firm-level changes are not separately identified. However, the direction is likely toward a few players

gaining more market power/share, as on average, regional players lose on-route seat capacity and the

highest-share group, legacy, gains, compared to the no-policy counterfactual. Relocation involving other

groups is not ruled out, as Luttmann and Nehiba (2020) find that due to the rule LCC operations

deteriorated. Results fit the consolidation mechanism observed by Abramova (2024) in the accounting

industry; stricter licensure requirements and scale economies boost large players — here legacy

carriers — creation and expansion, while the lack of scale among smaller players leads to reduced

operations. It also aligns with observed broader U.S. consolidation dynamics, visible in major airline

mergers (GAO, 2014a).

Over 2010–2016, the U.S. legacy-regional post-policy gap is larger than in the baseline, but shocks

and unstable carrier classification limit reliability (Section 5.3). Consistent with Luttmann and Nehiba

(2020), adding fuel-price lags leaves the key policy estimates significant and essentially unchanged,

mitigating fuel-cost confounding concerns. HHI monthly (and quarterly) Triple-Difference interaction

term show that on average, the U.S. legacy–regional route-level HHI gap widened by 3.1% (2.6%)
60Calculated as the mean number of seats multiplied by the number of observations in each group.
61Because of code-sharing and mergers in 2010–16, the number of active carriers at any point may be smaller.
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relative to the foreign legacy–regional gap, consistent with slightly stronger competitive pressure faced

on routes with U.S. regional-carrier presence relative to those with U.S. legacy-carrier presence. DD show

no statistically significant within-group U.S.–foreign changes. HHI measures within-route structure, so

system-wide seat-measured concentration can shift even when average route concentration is stable.

While Luttmann and Nehiba (2020) find rising domestic route-level HHI, my results can still align

as legacies possibly reallocated domestic capacity to international markets and substituted for U.S.

regionals, relatively increasing average competitive intensity faced by regionals. Full-panel estimates

show no detectable average treatment effect on seat capacity among routes operated continuously. In

response to pilot shortage, it is profitable for carriers to preserve higher-yield routes while pruning

thinner ones (FLT Academy, 2025). Hence, baseline unbalanced DDD effects may concentrate on

non-continuous, lower-yield routes, disproportionately affecting small communities. The DDD 95%

CI is wide ([-0.307, 0.237]) given the restricted sample, so economically meaningful effects cannot be

excluded.

Monthly placebo Feb-2010 estimates indicate no anticipation effect, and by visual inspection,

pre-trends appear parallel. Nevertheless, 2010 coincides with the United-Continental merger, a major

industry shock that could mask anticipatory adjustments (Luttmann and Nehiba, 2020), like the observed

increase in flight-time airlines’ hiring requirements after the 2010 proposal (Doolittle, 2013). With

quarterly aggregation, the pattern persists: regional gains are industry-wide rather than a U.S.–foreign

differential. These results align with Luttmann and Nehiba (2020), who find no anticipation effect in the

domestic market around August 2011. In the Feb-2012 monthly placebo, regional event-study pretrends

appear unviolated; legacies show some fluctuations. DDD and legacy DD reveal no significant differential

treatment effect, and quarterly results are consistent. A relative 9.1% U.S. decline in the regional DD

suggests anticipation after the final proposal, implying attenuation of baseline effects, however, the result

does not survive quarterly aggregation.

Limitations

This study may face non-balanced panel survivorship bias, potentially biasing estimates downward in

absolute terms by dropping thin, discontinued markets that would otherwise be recorded as zeros62.

Route entry/exit can also mechanically move the average HHI index. Tracking monthly composition

shifts in active route–carrier pairs would help assess the scale of bias63.
62For example, excluding Republic Airways — which went bankrupt in 2016 partly due to the pilot shortage (Klapper and

Ruff-Stahl, 2019) — may make it appear that seat capacity per carrier increased, when in reality this rise may be driven by the
exit of weaker operators after the policy change.

63Zero-filling missing cells solution for a highly seasonal industry and microdata creates spurious exits/entries. The preferred,
season-aware approach — for each route-carrier, imputing zeros only in months it historically operates, leaving other months
missing — is onerous given the scale (1,357 routes; 48 carriers).
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DD and DDD estimates indicate a sizable post-period seats capacity increase for foreign regionals

and a decline for foreign legacies, raising concerns about no-interference assumption violation. Control

carriers may have adjusted in a strategic response to the treated carriers: U.S. regionals’ reduction in

capacity could be offset by an increase by foreign regionals; foreign legacies pulling back where U.S.

legacies expand. Since these dynamics amplify U.S.-foreign contrasts, the interaction terms may be

the upper bounds in absolute terms of the true effect. Alternatively, these shifts could reflect common,

unobserved shocks.

Discrepancies in baseline levels and group sizes (Table 1) suggest underlying differences between

treatment and control groups that may shape seat-capacity trajectories. Movements distant from the FOQ

rule may reflect unobserved confounders in addition to policy effects (Luttmann and Nehiba, 2020), like

demand shifts, intensified LCC competition or United–Continental and American Airlines–US Airways

mergers that were in process during the study period. Unequal subsidies may mitigate the estimated

treatment effect: the Essential Air Service program supports only U.S. regional carriers (DOT, 2025) and

may have been expanded in response to regional airlines’ struggles. As with most quasi-experimental

designs, external validity is limited. Results need not be generalised to domestic markets, other country

pairs or extrapolated to later periods, especially as the industry has changed markedly since 2013 (e.g.,

LCC/ULCC expansion). Additionally, controls are state-area GDP and population; metro-level measures

could better capture local demand and reduce omitted-variable bias.

8 Conclusion

Using Triple-Difference and Difference-in-Differences designs, this study assesses whether the

1,500-hour rule shifted capacity among U.S. airlines in U.S.–Mexico and U.S.–Canada passenger flight

markets, consistent with consolidation pressures. The evidence indicates that, on average, the rule

reduced U.S. regional airlines’ seat supply and increased that of U.S legacy carriers, widening the

U.S. legacy-regional gap by 46.2% relative to Canadian-Mexican counterfactual. These patterns are

plausibly driven by regional carriers’ greater sensitivity to pilot shortages and legacies’ re-optimisation

toward higher-yield international markets, leveraging economies of scale and backfilling routes vacated

by regional carriers. Concerns about divergent foreign-U.S. pre-trends are mitigated. Results are

broadly robust across choice of clustering, fixed effects, controls, sample period, control group and

quarter-data-use. Effects are possibly concentrated on less stable and less popular routes, suggesting

disproportionate impacts on smaller communities. Potential strategic responses by foreign carriers

suggest the estimated impacts may represent upper-bounds, while anticipation and subsidies likely

30



attenuate magnitudes. On routes where U.S. regional carriers are active, post-policy route-level HHI

slightly decreased on average, consistent with possibly increased competitive pressure from U.S. legacy

carriers. The whole U.S.–Canada and U.S.–Mexico markets may have experienced reshaped competition

across foreign–U.S. legacy and regional groups, driven by changes in U.S. carriers’ behaviour.

To the author’s knowledge, this is the first quasi-experimental study of the 1,500-hour rule

isolating the impact on U.S. carriers’ international operations. Also, first to employ a foreign external

counterfactual, reducing contamination concerns, and seats offered to econometrically measure its

causal impact. Future work could: incorporate low-cost carriers; distinguish effects for independent

regionals versus wholly owned legacy subsidiaries, following Luttmann and Nehiba (2020) who find

that domestically subsidiaries are potentially less affected; employing RDD using, lower than legacy,

regional aircraft range as the cutoff, following Bilotkach et al. (2019) approach; extend legacy-carrier

analysis to other countries to capture whole international-network effects and reduce cross-border

interdependence64 and increasing paraller-trend robustness via synthetic control or propensity-score

matching; incorporating gravity-model specifications; quantify 1,500-hour rule induced upgauging’

environmental impacts; and employ finer-than-state GDP and population controls to better capture

demand.

Aviation bodies such as the FAA and the RAA remain divided on retaining the 1,500-hour rule and

whether it affects airline operations. This study provides evidence of its negative spillovers, informing

possible adjustments — such as lower standards or targeted support for regional airlines — to mitigate

unintended effects, preserve service to smaller communities, and offer guidance to policymakers in other

countries considering higher pilot-qualification thresholds. If the rule is maintained, complementary

policies should address these distributional impacts to preserve connectivity and the side effects, like

an increase in ticket prices with legacies gaining power, while retaining safety benefits.
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