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Abstract

This paper considers the effects of airline hub airports oity&s economy over the 1978-
2012 period. Using a panel dataset of yearly outcomes figsaitith airports, combined with
data for when an airport was labeled by an air carrier as a lhetmsider the effects of hub
openings and hub closings. To accomplish this in the presehpossible endogeneity, | turn
to a synthetic control event study design which allows fer élstimation of causal outcomes.
| find that hub airports increase per-worker wages by 1.18@ércent, and economic output
measures such as personal income and total payroll by 1.3 pedcent. These findings mostly
arise from a hub’s opening, rather than its closing. Thegdrfgs support the hypothesis of
airline hubs functioning as a productive amenity, providligh-quality infrastructure that

supports business activity.
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1 Introduction

In an era of high fuel prices, high operating costs and iregdaompetition, airlines have found
themselves culling their networks to maximize efficiency eeduce costs. Over the past decade, a
number of large mergers in the domestic airline industrghsas United Continental, Delta North-
west, American and U.S. Airways, and Southwest and AirTAatording to the U.S. Department
of Transportation, these mergers have led these four cadlmarriers to have just under 70 per-
cent of market share as of December 2617.

Post-deregulation, airlines moved quickly to establisbdygeeking to establish a market share
advantage at various airports, hoping that this would dpraditability. While this drove opera-
tional efficiency, competitive pressures kept pricing adages in check for the most part (Button,
2002). For travelers, hubs became popular as they allowsadoemost domestic destinations
with no more than one connection. They also generally ofigindr frequencies of flights to pop-
ular destinations. Time-sensitive business traveleramtiqular appreciate the flexibility and, in
many cases, ability to easily travel non-stop to a varietgl@dtinations. Thus, they are likely
to value hubs. Various studies suggest cities may benefit theese hub airports. For example,
Giroud (2013) has shown that new non-stop air routes havedtential to increase plant level
investment by 8 percent and productivity by 1.3 percent emljearter companies because of the
availability of direct flights. Similarly, Bowen (2010) rext that airline hubs have facilitated the
consolidation of corporate headquarters and, additipnalb growth. Button et al. (1999) argue
that high-technology companies also have a clear preferfendocating in cities with hub airports.

Despite these advantages that hubs offer, it is costly fones to establish and maintain hub
airports. Thus, air carriers have a strong incentive to mimé the number of hubs they operate.
In recent years, cities such as St. Louis, Memphis, Clegland to a lesser extent, Cincinnati,
all have experienced hub closures as a result of mergeraeiaagions. To date, little empirical
research has been conducted to understand the effectsatttemes have had on cities. The goal

of this study is to shed light on this topic. | compile an exsiga yearly dataset consisting of air

1U.S. Department of Transportation, Bureau of TranspameSitatistics: http://www.transtats.bts.gov/



traffic, employment, establishment, payroll and wage daita85 cities that had airports prior to
deregulation, 30 of which were labeled as airline hubs fteagt some portion of the study period,
and others of which, based on air traffic in 1977, appearedve the potential to become hubs but
never did. Combining this with data collected on hub opesiagd closings yields a rich dataset
of airport outcomes, in some cases from as early as 1965 @.201

Focusing on metropolitan-area (CBSA) level effects, irtipatar on wages but also employ-
ment and output, | first use difference-in-differences tpleit the temporal variation in hub open-
ings and closings to shed light on overall effects in a paatlrgy. Then, | separately consider
hub openings and closings. Because of the potential forgardoty to bias standard difference-
in-differences specifications in this setting, | ultimgtebmbine event-study and synthetic control
techniques to determine the causal effect of hub openind<lkmsings on city outcomes. 1 find
that hub airports increase per-worker wages by 1.1 to 1. &p&rand economic output measures
such as personal income and total payroll by 1.7 to 4.3 perddrese findings mostly arise from
a hub’s opening, rather than its closing. These findings @ughe hypothesis of airline hubs
functioning as a productive amenity, providing high-qtyainfrastructure that supports business
activity. | also show that positive employment outcomesadorgerved in related industries, such as
air travel, hotels and lodging, wholesale trade, and amas&rand recreation.

The rest of this paper proceeds as follows: Section 2 revibediterature on air hubs and
provides some background on how and why airport hubs mighbaanlocal economic outcomes.
Section 3 provides information about the data and meth@ypkection 4 presents the results and

discussion, and section 5 concludes.

2 Background

Airports in general have been shown to be important cortiisuto the health of their local
economies. For example, Sheard (2014) uses the Civil AatmsaAdministration’s 1944 Na-

tional Airport Plan as an instrument for the current disttibn of airports (by size, as measured by



air traffic) in the U.S. His dependent variable of interegingployment shares. He finds that while
airport size has some effect on employment in tradable sedtdas no effect on employment in
manufacturing or other non-tradable services. He also tinglisairport size has practically zero
effect on overall local employment. If this is true, than omight expect the loss (or gain) of a hub
airport to matter little to a city’s economy. Sheard (201B8)jng a different identification approach
similar to the Bartik instrument, finds that the elasticigtween airport size and employment is
0.02, and that between airport size and GDP to be 0.035.

Cohen et al. (2003) apply spatial econometrics techniquascdost function approach. They
find that increasing investment in own-state airport irthiagure tends to generate cost-savings
benefits for the manufacturing industry, primarily due tapyoduction-related labor and mate-
rials savings. Based on this, we may expect hub airportsue same effect on employment and
establishment outcomes in the tradable sector. They aldatfat such expansion is accompanied
by spillover benefits to other airports, especially wheregtment is concentrated in a connected
hub. If this is the case, these benefits will be captured ir#tienates presented later in this paper.
Percoco (2010) considers the impact of airports on Itali@vipces. He finds that the elasticity
of service-sector employment to airport passengers iS04 that of spillover effects is almost
0.017.

Small airports were the focus of Button et al. (2010). Theyaisample of 66 small airports in
Virginia to estimate their effects on economic developmant find that a doubling of passenger
numbers produces up to a 4 percent increase in per capitméegothe areas studied. Blonigen
and Cristea (2015) exploit the market changes induced by 98 Airline Deregulation Act to
examine the relationship between air traffic and local enuogrowth. Using time-series variation
in local growth rates over a 20-year period centered aroenetiilation (1969-1991), they find that
air service has a positive and significant effect on regignath, with the size of these effects
differing by the size of the MSA and its industrial mix. LeBdi2014) constructs a measure of
air accessibility, and uses it to examine how it contributegrowth. He finds increasing air

accessibility increases the growth rate of employmentaddble services; however he finds weak



effects on productivity and total employment growth.

Another strand of literature finds that hub airports, speailfy, have characteristics that may
prove to be unique to cities with hub airports. Button et 8299) examine employment data be-
tween hub and non-hub cities by year. They find an overalease in high-tech, high paying jobs
in hub cities. They also find a possible link between rapidwginan high-tech employment in cities
that are hubs compared to those that are not, further suggéisat having a hub airport might be
beneficial to a city’s economy, at least when it comes to thertelogy sector. Neal (2011) finds
that urban growth is driven by a city’s “centrality” in busiss networks. This finding relies on es-
timation of a lagged dependent variable model, which does@cessarily prove causality. Giroud
(2013) shows that new non-stop air routes have the poteatiatrease plant level investment by
8 percent and productivity by 1.3 percent. This implies t@hpanies are much more likely to
establish headquarter and other operations in citiesydaatded on the availability of direct flights
to a city. Bowen (2010) notes that airline hubs have fatddahe consolidation of corporate head-
guarters and, correspondingly, job growth in cities, thgomig of which have an airline hub. Neal
(2012) and Neal (2014b) examine the potential effects hudbyshmave on urban creative economies.
He categorizes hubs into various types: closeness hubsffeanon-stop services, betweenness
hubs that offer intermediate connections, and degree loulisyminal destination hubs. He finds
that only destination hubs substantially impact econoreietbpment and attract creative workers
to a city.

In terms of hub location, O’Kelly (1998) finds that an optirhab has few direct links between
hubs, suggesting a motive for airlines to keep their numbéubs as small as possible. Others
propose that location might be the most important factomiraialine’s choice of hub. Jaillet et
al. (1996) argues that candidacy for hubs depends more graygdc position than local demand
level, leading to the conjecture that at least some hubs wresed independent of city charac-
teristics. As noted by Button and Lall (1999), businessdlens are time-sensitive rather than
price-sensitive, caring more about the frequency of fligbése of rescheduling, and the services

offered at airports than the price of a flight. Redding et201(1) provide a model and empirical



analysis of the shift in Germany’s main hub from Berlin to rikturt following the reunification
of East and West Germany in 1990. They conclude that theitotaf an air hub is not uniquely
determined by fundamentals; that is, multiple steady staxést. The chosen location likely has
more to do with airlines’ sunk costs than city fundamentals.

It is important to note that there is no single definition of bhairport. For example, the
U.S. General Accounting Office classifies an airport as a haiore than 60 or 85 percent of its
traffic is controlled by one or two dominant carriers, respety. (In some studies, the respective
numbers used change, such as 50 to 75 percent). The FedeaAAdministration, by contrast,
divides airports into large hub and medium hub subcategdrésed on the share of passenger
traffic (enplanements) at an airp8ricademic research often defines a hub as an airport such that
carriers feed three or more banks of traffic daily throughatrf 40 or more cities (Button, 2002).

Given these considerations, particularly the differingjrdéons of a hub, and the goal of this
study, to understand the role of a hub in a local economy adieypuaker might perceive it, |
will define a hub simply by the label given to it by air carried$, in its annual report or other
public-facing documentation, an airline considers a paldir airport to be a hub in a particular
year, it will be considered a hub for the purposes of thisystldhis paper will utilize the salient
features of a hub - the large amount of traffic generated, lloéce of location being primarily
based on airline sunk costs and operational needs, andiopeia the sake of maximizing airline
profit, not local city outcomes - to provide credible causadlence on the relationship between an
airport hub and local economic development.

This review suggests a primary mechanism via which airpaioshmay affect local economies
are reductions in input costs for firms relying on the typeafess that airports can provide. The
standard Roback (1982) model suggests that such a mechawisid increase firm productiv-
ity, increasing profits. This may show up in the data in a nundfevays: higher per-worker
wages, per-capita income, higher overall payroll, or higherall employment levels. One may

also expect to see an increase in the number of establisam@tigher rents are another poten-

2A large hub has one percent or more of domestic passengemrsmpénts. A medium hub has 0.25 - 1.00 percent.
A small hub has 0.05 - 0.249 percent, and a non-hub airpoitelsaghan 0.05 percent enplanements.



tial mechanism through which such effects may appear, hat ldaitations do not allow for an

exploration of that topic in this article.)

3 Data and Methods

| construct a panel data set consisting of a city’s airpol status, passenger enplanements and
operations, market access, employment and payroll dataseléat the airports included in this
study, | began with the sample of 157 airports provided inli®@4FAA Satistical Handbook, as
this provides a set of airports that could feasibly becortestat some future timé.l keep those
that in 1977 carried at least 0.1 percent of air traffic, whithuded those that would ever become
airport hubs. This cutoff was chosen after examining thiéidrievels of hub airports in the study,
and noting that the smallest airport at the time to becomeba®an Jose (SJC), had a 1977 traffic
level of 0.2 percent. 1977 data was used for this exercideseepresented airport usage just prior
to deregulation in 1978. Multiple airport cities were elimated because the econometric methods
employed consider only a single binary “treatment effedtthe airport on its city. It is unclear
how one should properly apportion the effect of a hub opewinglosing event in a city with
multiple airports; thus, this is left for further research.

The final sample consists of 85 airports, 30 that functioredhbs for some part of their
history, and 55 that were never designated as hub airpoft1eCBO airports, 21 were hubs for a
“major” airline or predecessor to a “major” U.S. airlinegeDelta, United or American. Details of
each hub airport are given in Table A.1, while those for huteptial airports are given in Tables
A.2 and A.3 in the Appendix.

For each airport, | obtain air traffic data - enplanementsgpager counts) and operations
(flights) from 1964, 1970, and 1976 - 2012 from the Federabf\wn Administratiorf: Given the

importance of non-stop flights to business travelers, | u§e Department of Transportation DB1B

3To the best of my knowledge, this is the earliest comprelerassification of hub cities in the United States by
a governmental entity.
4FAA Terminal Area Forecast, https://aspm.faa.gov/mafresp



market data to generate two simple measures of market acmes#s of the number of cities that
can be reached from any originating airport with no stopd,\aith no more than one connection.
| also use this to generate a measure of one-way fares byatiiggj airpor Unfortunately, | was
unable to locate similar information on flight frequencyrgpback this far, as this may be another
attractive feature of a hub.

Primary data on city employment outcomes are derived froenGbunty Business Patterns
(CBP)5 Data were obtained for each year from 1964 to 2012 for totgdlepyment and industry
employment in a variety of sectors. In this study, | focus werall outcomes, as well as air trans-
portation, wholesale trade, hotels and lodging, and ameseand recreation. | also obtain the
data for establishments by sector, and total payroll. | uaadard Industrial Classification (SIC)
categories throughout the entire study period to classifyleyment! Where necessary, data were
converted from NAICS groups to SIC groups Finally, all county-level data was aggregated to
the Census-Based Statistical Area (CBSA) level.

Data on population and personal income are obtained frord t8eBureau of Economic Anal-
ysis10 for each of the industries listed above, at the metropotiraa level! | also obtain these
data for earnings, earnings per worker, wages and salartesd wages and salaries per worker,

personal income, and per-capita personal incéfne.

5] am grateful to Severin Borenstein for providing this dathese fares exclude first-class or other special coupons,
an important limitation to bear in mind. For more detaildpht//sites.google.com/site/borenstein/airdata
6U.S. Census Bureau, Obtained from the National Historicabggaphic Information System (NHGIS),
www.nhgis.org..
"These industries correspond to the following SIC codes:M&Travel), 50-51 (Wholesale Trade), 71 (Hotels
and Lodging), and 79 (Amusement & Recreation Services).
8SIC to NAICS conversions were accomplished using the fixeédtmmuations provided by the U.S. Department
of Housing and Urban Development: http://socds.hudusgC@BPSE/note.htm
9Missing data was imputed using establishment counts andnttipoint for the number of employees at each
establishment. Missing data affected substantially fetvan one percent of the data points in the analysis.
10Tables CA5 and CAS5N, Regional Economic Accounts, Bureaucofemic Analysis, U.S. Department of Com-
merce: http://www.bea.gov/regional/
Hservice industries were excluded, as numerous changesmate to the taxonomy of component industries in
2000.
2Census Based Statistical Areas, based on 2010 definitioth@primary unit of observation in this analysis.



3.1 Methodology

As noted in Section 2, there are a variety of definitions of hirports. In this study, | consider

the consequences of an airline labeling an airport as thedr Ao create the database of airline
hubs, | culled airline web sites, annual reports, newspap@les, aviation trade publications
and other historical sources. As the baseline for the ewedffgsting hub status, e.g. mergers,
bankruptcies, and acquisitions, | use the list compiled bolyrfes for America, the aviation industry

trade groupg® Relevant events were compiled into a timeline shown in Kigur The timing of

resulting hub openings and closings is summarized in Table A

3.1.1 Initial estimates: Panel FE/Difference-in-Differeces

In the case of the panel difference-in-difference estimadentification is based on the assumption
that hub openings and closures were due to (plausibly exaggiehanges in the network structure
resulting from industry activity - mergers, acquisitiomérline closures, airline openings, or an
airline’s desire to build market share. Hub downsizings thelude reductions in traffic, but not

a complete closure, are not included. | use both fixed effiesgsession as well as event-study

methods to identify the effects of these airports on theiesi | run the following specifications:

Yi=0+BH=1)+Zi+Vy+ T+ &t (1)

wheref identifies the (log) change in the employment, payroll, papon or aviation-related
outcome of interesYj;; y is a city fixed effect and is a year fixed effect. The primary unit of
observation is the CBSA. The preferred specification alsorporates linear city-specific time

trends. The preferred specification is thus as follows:

Yi=a+BH=1)+Zi+y+1+ni (time)+ &t (2)

where in this case; - (time) is the city-specific trendZ; is a vector of control variables that

Bhttp://airlines.org/data/u-s-airline-mergers-andtasitions/



include controls for employment shares, whether the dingoa Southwest Airlines focus city,

and whether the airport is a cargo hub for FedEx or UPS. Stdnelaors are clustered at the
CBSA level. Note that in this case, identification comes drdyn the opening and closing effects
experienced by airports that became hub airports at soneeavter the study period. However, the

inclusion of non-hub airports in the specifications helpiiaye precision of the estimates.

3.1.2 Short-Run Effects of Hub Openings and Closings: Synttic Control Event-Time

Difference-in-Differences

While the panel estimates in section 3.1.1 provide usefahmation on the value of hub airports
to their respective cities, concerns related to endogemerhain. For example, there could be
simultaneous causality issues that even the inclusiontgfsgecific time trends may under-or-
overcorrect for. For example, hubs are more likely to closeities with less economic activity
to begin with. Although one may argue that airlines choosereto open and close hubs based
on competitive reasons or business realities, undoubtatyof the inputs in those decisions is
the current and expected future health of the local econoAs/.a result, conventional event-
study analysis on hub opening and closing activity coulldi@tentially be biased. Additionally,
panel studies of this type incorporating fixed effects atemausly susceptible to attenuation bias,
leading to downward bias in the estimates. Both sets of cosa@e problematic here, as in most
cases the effects of hubs, at best, may be on the order of dely percentage points.

To mitigate this concern, | turn to synthetic controls, whieill allow for causal inference
independent of these concerns. The use of synthetic centiad first proposed by Abadie and
Gardeazabal (2003) and Abadie et al. (2010). This methogvalfor the extension of the tradi-
tional differences-in-differences framework by allowitngatment effects to vary over time. In my
case, the synthetic control is constructed as the weightexhge of CBSAs in the “donor pool”

- that is, the set of control airports that never became hulbsévertheless are included in the
analysis. Under the identifying assumption that condélam controls, a treated unit would have

otherwise evolved as an estimated control unit does, tHerdifce between the actual “treated”
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outcome and the synthetically constructed “control” oateagives us the causal treatment effect
of hub airport status on the desired outcome.

Suppose there is a sample®f 1 CBSAs, indexed bg, among which unit = 1 is the treated
CBSA andc =2 toc=C+ 1 are potential controls. We also assume a balanced partelawit
positive number of pre-intervention periods, as well as a positive number of post-intervention
periods,T1, with To+ Ty = T. LetYy represent the outcome of umitit timet. For a givert (with
t > Tp), the synthetic control estimator of airport’s effect isan by the difference between the

treatment and synthetic control at that period:

c+1
Yit — ZZV\féth
c=

where:W = (Wy,...,Wc1)" is a(C x 1) vector of positive weights that sum to X3 is a(k x 1)
vector containing a set of pre-intervention characterigiues; an is a(k x C) matrix collecting
the values of the same variables for the CBSAs in the set pbdipotential CBSAs.

The synthetic control algorithm chooses optimal weightsthat minimizes the mean square

prediction error (MSPE) given by

MSPE= [[X1 — XoW [y = 1/ (X1 — XW)TV (X1 — XoW),

where an optimal choice of variable weigMsassigns weights to linear combinations of the vari-
ables inXy andX;. In practice, | implement this estimation strategy usingdie et al. (2011)'s
packageSynth. Control vector X includes past outcomes of the predictontarest, employment
shares, a cubic in latitude and longitude as well as indicatoables for Census region to ensure
that hub airports are matched with airports most similahémt. Historical information that played
arole in airport location are also included, namely, whethety was on an air mail route in 1938,
and whether a city had a commercial or municipal airport iarafion in 1926. This information
helps the synthetic control estimator better identify ¢datks for the matching process, as well as

identifying the optimal weight8V* for those matched airports.
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This estimation method, which has quickly gained promieeimncempirical microeconomics
and political science, allows the estimation of causalo$fén a wide variety of settings. The
method, however, is not without some important drawbackiscaneats. For example, as noted by
Doudchenko and Imbens (2016), difference-in-differeradésvs for a non-zero intercept corre-
sponding to permanent differences; the synthetic conteihod applied here does not. Also, the
constraint that the set of weight$ must sum to one is also not trivial; a more flexible estimation
method could yield somewhat different results. Athey antdmns (2016) note that in cases where
a unit may be on the extreme end of a distribution of unitevahg for a different set of weights
could be more ideal. In practice, then, the synthetic comtethod may fail to perfectly estimate
control units for hub airports on the upper end of the sizéridigtion. However, the synthetic
control estimator does an admirable job at producing cotadtial units that have a parallel trend
in the vast majority of cases.

This is all that is required, then, to create a set of synthaintrol units that can be used in
place of control variables in an event-time differencedifierences framework. After pooling the
units, final estimation is given by the following:

5
Yit:a+M+Tt+ijBk(H:1)+5it 3)
where j = —5 for hub opening events and= —3 for hub closing events. As in all other
analyses, standard errors are clustered at the CBSA leneddditional advantage of this estimator
is that the synthetic units incorporate specific time tresdsadditional controls for these are not

necessary in the final estimation.
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4 Results and Discussion

4.1 Baseline Model: Panel Diff-in-Diff Evidence

The panel regression analysis consists of two groups obdihubs. The primary group consists
of the entire set of 30 airports identified by the methodolwg8ection 3.1. The second is a sub-
set of 21 airports designated “major hubs”. These are sitnpbs that were labeled as hubs by
predecessor airlines which would eventually merge intoadrike current legacy airlines (Ameri-
can, Delta, or United). Detailed airline genealogies usedHis purpose are found in Figures A.1
through A.5 in the Appendix.

Table 1 summarizes the key findings at the airport level. BRptasmements, specification (1)
indicates that controlling only for CBSA and year fixed effediubs led to a 32 percent increase in
passenger traffic. Controlling for the presence of a Southwilines focus city or a UPS/FedEx
cargo hub reduces this to 25 percent. Adding CBSA-speckieds leads to an ultimate traffic
increase attributable to the hub of 12 percent. Data limoiatdo not allow for this passenger
traffic to be separated into connecting and origin/desongbassengers, but it is assumed some
portion of that traffic will spend time in the respective hutpart city. Turning to other outcomes
of interest, flights (operations) increase similarly togemer traffic. Employment in the air travel
sector rises proportionately with passenger traffic witreatimated 17 percent increase after all
controls, and hotels and lodging employment increasesadrcity as well, with an increase of
approximately 5 percent. In the “major hubs” group, theral$® some evidence of an increase in

wholesale employment attributable to the hub.

[TABLE 1 ABOUT HERE]

Table 2 summarizes key effects that hubs have on cities. thaten general, after accounting
for all controls, the effect of hubs on all aggregate outpeiasures such as personal income,
total payroll, employment levels and establishment coargsestimated to be approximately zero.

However, in most cases the coefficients estimated are notaoeoss all specifications. It appears
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that the city-specific trends may be overfitting the modelisTiduces a downward bias in these
results. To check whether these results are valid or ar@dbidse to endogeneity, | turn to the

synthetic control event study estimation procedure dedain Section 3.1.2.

[TABLE 2 ABOUT HERE]

Table 3 summarizes key outcomes for wages and related oatcatrthe individual worker
level. Again, estimated effects tend to zero after all aalstare included. Additionally, as before,
this is not consistent across all specifications. Thererrgesevidence that the measures considered,
per-capita personal income, payroll per worker, earnirgsworker, and wages and salary per
worker, may increase as a result of the hub airports. Agaumn to the synthetic control event

study to substantiate this result.

[TABLE 3 ABOUT HERE]

4.2 Synthetic Control Event Study

To better understand the findings presented in Section 4dmbine synthetic control estimation
with an event-study design to separately estimate thetsfddub openings and hub closings on
the local economy. In each specification, | control for fivangeprior to and after hub opening
for hub openings, and three years prior and five years aftdnfb closings:* Each specification
includes city and year fixed effects. Additionally, by n&uthe synthetic control estimator ac-
counts for case-specific time trends. This replaces the teeséeparately add city-specific linear
time trends. After estimating a synthetic control unit fack case, | normalize the dates of the
hub opening or closing events such that all estimates aaweltot = —1; that is, one year prior
to the hub opening or closing. This set was restricted to ¢hefshubs that opened and remained

open for at least six years.

14Adding more than three years of data to estimate hub closimiyged confounding factors that led to bias and
poorly estimated pre-treatment outcomes.
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Results are presented in both tabular and graphical forivie Bapresents outcomes for passen-
ger traffic, flight traffic, air travel employment, hotel erapient, wholesale trade and amusements
and recreation. The table also presents outcomes for tves tgpsynthetic control estimations -
one using only the past values of the outcomes of interedttr@nother using geographic and his-
torical airport location factors to fine-tune the matchesgef@ll, estimates indicate that the open-
ing of a hub increases enplanements, operations, and & gmployment by similar amounts,
roughly 30 to 35 percent. Hotel employment appears to iserea well (though this estimate is
not precise when all factors are used to make the matche$)cldsings seem to have a negative
effect on hotel employment, particularly when all hubs aresidered, implying that those losses
are likely incurred when smaller, more marginal, hubs cloewever, none of the results are
statistically significant. Hub openings appear to havielgtfect on wholesale trade employment
or amusements and recreation employment. However, huimgkbseduce wholesale trade em-
ployment by 4 percent in major hubs. Additionally, they reel@employment in the amusements
and recreation sector by 5 to 9 percent. Figure 2 shows emplant, operations, air travel and ho-
tel outcomes graphically for hub openings. Appendix figuré show the same for hub closings.

Figure A.9 shows outcomes for wholesale trade and amuseraedtrecreation.

[TABLE 4/ FIGURE 2 ABOUT HERE]

Table 5 and Figure 3 show outcomes for city economic outp@smess. These accrue mostly
due to hub openings. Across all specifications, it seems pleaing of a hub increases personal
income, total payroll, total earnings, and total wage ardrgancome. Estimates of the size of
this effect range from 1.7 percent to 4.3 percent. Genertdise estimates are between those
estimated for the least restrictive panel model and the mesdtictive. This is reassuring, and
suggests the synthetic control estimator is successfetlyecing endogeneity in these estimates.
Effects appear to be slightly more pronounced for majoirerhubs. It is unclear from the hub
closing estimates whether closing hubs leads to a reduictitivese values. As far as employment

and establishment counts, the evidence is mixed. One ideit@alzonclude from this exercise
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that hubs lead to employment and/or establishment growilieler, these results certainly do not
prove that employment growth is zero, either. Appendix Feg\.7 provides graphical outcomes

for hub closures.

[TABLE 5/ FIGURE 3 ABOUT HERE]

Finally, | consider wage outcomes presented in Table 6 agdr&i4. Across virtually all
measures, it appears that the presence of airport hubsigecper-capita personal income, payroll
per worker, earnings per worker, and wages and salariesqréew by 1.1 to 1.8 percent. These
effects accrue from hub openings, but do not seem to decngtiskub closings. This is consistent
with the Roback (1982) model indicating that the hub airpoaly enhance firm productivity, and
can potentially be considered (in the absence of data og, r@fitourse) to be a productive amenity.

Appendix Figure A.8 provides graphical output for hub ohgs and wages.

[TABLE 6 / FIGURE 4 ABOUT HERE]

Taken together, these results indicate hub airports do &aedfect on their respective cities.
These airports help support industries such as wholesade tind amusements and recreation,
lead to increases in output measures such as personal irmaoenearnings, and lead to higher
wages for employees as well. What might be the mechanismuidr effects? | consider the
number of destinations reachable non-stop and with up toconeection from these airports.
If it is simply market access driving these outcomes, thea wght expect these to increase.
However, a glance at Figure 5 shows no conclusive evidendbifhypothesis. Most likely, the
mechanism has to do with the quality of service as measuratidoypumber of frequencies on
popular routes, as business travelers value the convenadmaultiple flights per day greatly. This
quality infrastructure essentially facilitates busingasel, and thus, the growth of and productivity

of firms in general in cities with well-performing hubs.
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5 Conclusion

This paper considers the effects of airline hub airports oityégs economy. Using a panel dataset
of yearly outcomes for cities with airports, combined wititalfor when an airport was labeled by
an air carrier as a hub, | considered the effects of hub ogerand hub closings. To accomplish
this in the presence of possible endogeneity, | turned tonghsyic control event study design
which allowed for the estimation of causal outcomes. | firat thub airports increase per-worker
wages by 1.1 to 1.8 percent, and economic output measurbésasugersonal income and total
payroll by 1.7 to 4.3 percent. These findings mostly arisenfeohub’s opening, rather than its
closing. These findings support the hypothesis of airlinesHunctioning as a productive amenity,

providing high-quality infrastructure that supports Ingss activity.
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Figure 1: Airline Genealogy: Summary Timeline of Mergers &ankruptcy Activity
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Delta Air Linés

United Airlines
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Individual genealogies for each airline group are proviitefigures given in the Appendix. Shading corresponds to
the eventual airline individual predecessor airlines woukrge into.
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Table 1:

Results - Panel Regression - Airport Outcomes bypEa@roup

All Hubs (n = 30) "Major" Hubs 6= 21)

1) 2 3 4) 5) (6) (7 (8)

Enplanements 0.317** 0.252*** 0.139**  0.122** 0.339***  (281** 0.153* 0.149*
(0.078)  (0.093)  (0.061)  (0.058) (0.092)  (0.110)  (0.079) .076)

n 2670 2590 2670 2590 2720 2639 2720 2639

Operations 0.292*** 0.238*** 0.140*** 0.131*** 0.367*** (0317*** 0.188** 0.181***
(0.067)  (0.077)  (0.051)  (0.047) (0.065)  (0.078)  (0.057) .0%Q)

n 2670 2590 2670 2590 2720 2639 2720 2639

Air Travel Employment 0.238***  0.174* 0.228** (0.174*** 0235** 0.157 0.198** 0.157**
(0.085)  (0.083)  (0.066)  (0.056) (0.100)  (0.106)  (0.077) .06J)

n 2750 2670 2750 2670 2800 2719 2800 2719

Hotel Employment 0.096***  0.090**  0.070**  0.055** 0.109** 0.100** 0.079** 0.058*
(0.036)  (0.037)  (0.027)  (0.025) (0.044)  (0.045)  (0.034) .0%2)

n 2750 2670 2750 2670 2800 2719 2800 2719

Wholesale Trade Employment 0.043 0.015 0.029 -0.006 0.062* 0.031 0.049*** 0.010
(0.032) (0.024) (0.018) (0.010) (0.036) (0.026) (0.018) .003)

n 2750 2670 2750 2670 2800 2719 2800 2719

Amusements and Recreation Employment0.013 0.003 -0.025 -0.018 -0.045 -0.030 -0.025 -0.006
(0.031) (0.028) (0.024) (0.024) (0.042) (0.038) (0.022) .070)

n 2750 2670 2750 2670 2800 2719 2800 2719

CBSA/Year FE Y Y Y Y Y Y Y Y

Share/SWA/Cargo Controls N Y N Y N Y N Y

CBSA-Specific Trend N N Y Y N N Y Y

Note on all columns: Dependent variable is a dummy variatnevhether an airline has labeled an airport as a hub in acpdatiyear. Each coefficient is from
a fixed-effects regression on a binary variable indicatiresence of a hub at a particular airport in a particular yehich includes airport (CBSA) fixed effects,
year fixed effects, and flexible linear city-specific trendslumn (1) includes CBSA and year FE. Column (2) adds empémtrehare controls and panel variables
for the presence of Southwest airlines focus city and/or jpntargo hub. Columns (3) and (4) add city-specific lineantls to (1) and (2), respectively. Columns
(5) through (8), respectively, provide estimates basedwajor” hubs, which are those hubs with an airline that wowldreually be absorbed into a major legacy
airline family. All models include “airport potential” gaorts which do not affect estimation of the coefficient ondependent variable, but may improve efficiency.
Standard errors in parentheses. All standard errors chdste the CBSA level. s < 0.1, %+ p < 0.05,% x xp < 0.01
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Table 2: Results - Panel Regression - Economic Output Owsdiy Sample Group

All Hubs (n = 30) "Major" Hubs 6= 21)
) ) 3 4 (5) (6) (7) 8
Personal Income 0.039 0.025 0.012 -0.004 0.049 0.044* 0.020.008
(0.027) (0.024) (0.013) (0.009) (0.033) (0.025) (0.014).008)
n 2715 2636 2715 2636 2765 2685 2765 2685
Total Payroll 0.054* 0.030 0.012 -0.011 0.052 0.037 0.024 000.
(0.028) (0.024) (0.016) (0.011) (0.035) (0.027) (0.017).010)
n 2747 2667 2747 2667 2797 2716 2797 2716
Total Earnings 0.050* 0.029 0.012 -0.010 0.061* 0.048* .02 0.004
(0.028) (0.024) (0.015) (0.010) (0.035) (0.026) (0.016).010)
n 2715 2636 2715 2636 2765 2685 2765 2685

Total Wage and Salary Income  0.049* 0.026 0.009 -0.011 0.058.045* 0.019 0.005
(0.027) (0.024) (0.014) (0.011) (0.034) (0.025) (0.015).010)

2715 2636 2715 2636 2765 2685 2765 2685
Total Employment 0.023 0.009 0.010 -0.005 0.027 0.020 0.020.010
(0.028) (0.022) (0.012) (0.009) (0.033) (0.024) (0.013).008)
n 2750 2670 2750 2670 2800 2719 2800 2719
Total Establishments 0.020 0.012 0.005 -0.003 0.029  0.022013® 0.005
(0.023) (0.021) (0.008) (0.008) (0.026) (0.020) (0.007).003)
n 2750 2670 2750 2670 2800 2719 2800 2719
CBSA/Year FE Y Y Y Y Y Y Y Y
Share/SWA/Cargo Controls N Y N Y N Y N Y
CBSA-Specific Trend N N Y Y N N Y Y

Note on all columns: Dependent variable is a dummy variatnevhether an airline has labeled an airport as a hub in acpdatiyear. Each coefficient is from
a fixed-effects regression on a binary variable indicatiresence of a hub at a particular airport in a particular yehich includes airport (CBSA) fixed effects,
year fixed effects, and flexible linear city-specific trendslumn (1) includes CBSA and year FE. Column (2) adds empémtrehare controls and panel variables
for the presence of Southwest airlines focus city and/or jpntargo hub. Columns (3) and (4) add city-specific lineantls to (1) and (2), respectively. Columns
(5) through (8), respectively, provide estimates basedwajor” hubs, which are those hubs with an airline that wowldreually be absorbed into a major legacy
airline family. All models include “airport potential” gaorts which do not affect estimation of the coefficient ondependent variable, but may improve efficiency.
Standard errors in parentheses. All standard errors chdste the CBSA level. s < 0.1, %+ p < 0.05,% x xp < 0.01
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Table 3: Results - Panel Regression - Wage Outcomes by S&ngplg

All Hubs (n= 30) "Major" Hubs 6= 21)
1) 2 3) 4) ) (6) ) (8)
Per-Capita Personal Income 0.019* 0.011 0.013 0.001 0.0193.011 0.017 0.004
(0.010) (0.009) (0.011) (0.008) (0.010) (0.010) (0.011).008)
n 2715 2636 2715 2636 2765 2685 2765 2685
Payroll Per Worker 0.033*** 0.023* 0.002 -0.006 0.025* @D 0.004 -0.003
(0.011) (0.011) (0.007) (0.006) (0.012) (0.013) (0.007).006)
n 2747 2667 2747 2667 2797 2716 2797 2716
Earnings Per Worker 0.024**  0.014 0.004 -0.006 0.020*  0.0110.007 -0.001
(0.009) (0.009) (0.008) (0.006) (0.011) (0.012) (0.008).000)
n 2715 2636 2715 2636 2765 2685 2765 2685

Wages and Salary Per Worker 0.023***  (0.012 0.001 -0.007 0.01 0.008 0.005 -0.001
(0.008) (0.009) (0.008) (0.006) (0.010) (0.012) (0.008).000)

n 2715 2636 2715 2636 2765 2685 2765 2685
CBSA/Year FE Y Y Y Y Y Y Y Y
Share/SWA/Cargo Controls N Y N Y N Y N Y
CBSA-Specific Trend N N Y Y N N Y Y

Note on all columns: Dependent variable is a dummy variatnevhether an airline has labeled an airport as a hub in acpdatiyear. Each coefficient is from
a fixed-effects regression on a binary variable indicatiresence of a hub at a particular airport in a particular yehich includes airport (CBSA) fixed effects,
year fixed effects, and flexible linear city-specific trendslumn (1) includes CBSA and year FE. Column (2) adds empémtrshare controls and panel variables
for the presence of Southwest airlines focus city and/or jmneargo hub. Columns (3) and (4) add city-specific lineands to (1) and (2), respectively. Columns
(5) through (8), respectively, provide estimates basedwajor” hubs, which are those hubs with an airline that wowldreually be absorbed into a major legacy
airline family. All models include “airport potential” giorts which do not affect estimation of the coefficient ondbpendent variable, but may improve efficiency.
Standard errors in parentheses. All standard errors chdste the CBSA level. < 0.1, p < 0.05, % xxp < 0.01
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Table 4: Results - Synthetic Control Event Study - Airport€unes by Sample Group

Hub Opening Hub Closing
All Hubs Major Hubs All Hubs Major Hubs
1) (2) 3 4) (5) (6) ) (8)
Enplanements 0.266***  (0.299*** 0.300***  0.336*** -0.332%  -0.256** -0.395**  -0.260*
(0.057) (0.062) (0.063) (0.075) (0.099) (0.096) (0.115) .17@)
n 21 19 17 15 12 12 8 8
Operations 0.299%*  0.263*** 0.397**  (0.357*** -0.210** 0.291* -0.220*  -0.257*
(0.074) (0.063) (0.061) (0.054) (0.084) (0.092) (0.101) .170)
n 21 20 17 16 12 9 8 6
Air Travel Employment 0.310***  (0.243*** 0.372***  (0.315*** -0.092 -0.129 -0.028 0.004
(0.085) (0.072) (0.102) (0.082) (0.125) (0.118) (0.112) .070)
n 27 26 21 20 14 11 10 7
Hotel Employment 0.093*** 0.053 0.100** 0.065 -0.049 -085 -0.079 -0.051
(0.030) (0.034) (0.036) (0.041) (0.064) (0.061) (0.072) .07Q)
n 26 23 21 19 13 13 10 10
Wholesale Trade Employment 0.012 0.014 0.010 0.019 -0.009 .0020 -0.046**  -0.040**
(0.015) (0.016) (0.017) (0.021) (0.045) (0.048) (0.015) .01®)
n 27 26 21 20 14 13 10 9
Amusements and Recreation Employment  -0.034 -0.048 -0.0130.017 -0.109**  -0.087** -0.091*  -0.051*
(0.040) (0.035) (0.047) (0.037) (0.036) (0.032) (0.033) .07@)
n 27 25 21 20 14 14 10 10
Full Set of Emp. Share/Location Controls N Y N Y N Y N Y

Note on all columns: Dependent variable is a dummy variatnievhether an airline has labeled an airport as a hub in acpéatiyear. Each coefficient is from an
event-time difference-in-difference regression spedfiin run on treated and synthetically constructed contnigk. Event study estimates presented here include
controls for pre-treatment trends. In some cases, the siattontrol units were constructed solely based on thelpssiry of the outcome variable of interest -
these are the odd-numbered specifications presented dhamtber cases, these were constructed using a full set obgment shares, latitude/longitude, Census
region binary variables, and variables that predict eadyohical airport location - these are the even-numberegifipations above. Columns (1) - (4) present
outcomes for hub openings, while Columns (5) - (8) presettares for hub closings. Columns (3), (4), (7) and (8) prewadtimates based on “Major” hubs,
which are those hubs with an airline that would eventuallpbsorbed into a major legacy airline family. All models und$ “airport potential” airports which do
not affect estimation of the coefficient on the dependeriaisée, but may improve efficiency. Standard errors in pdresgs. All standard errors clustered at the
CBSA level. *p < 0.1, * p< 0.05, % xxp < 0.01
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Table 5: Results - Synthetic Control Event Study - Economitpt Outcomes by Sample Group

Hub Opening Hub Closing

All Hubs Major Hubs All Hubs Major Hubs

1) (2) 3) 4) ) (6) Q) (8)
Personal Income 0.025** 0.017* 0.027** 0.021* -0.001 0.013 -0.027 0.004
(0.010) (0.009) (0.012) (0.0112) (0.016) (0.012) (0.016) .019)

n 26 26 20 20 14 14 10 10
Total Payroll 0.043***  0.036*** 0.049***  0.043*** 0.020 0003 -0.002 -0.009
(0.014) (0.009) (0.016) (0.012) (0.019) (0.015) (0.022) .019)

n 25 25 19 19 14 14 10 10
Total Earnings 0.034**  0.019* 0.037**  0.022* 0.007 0.003 -0.015 -0.014
(0.0112) (0.010) (0.013) (0.0112) (0.016) (0.015) (0.017) .018)

n 26 26 20 20 14 11 10 7

Total Wage and Salary Income 0.033*** 0.018 0.038** 0.023* 0@ -0.002 -0.019 -0.011

(0.0112) (0.010) (0.013) (0.013) (0.016) (0.014) (0.015) .018)

n 26 24 20 18 14 13 10 9
Total Employment 0.034**  0.009 0.038** 0.013 0.011 0.007 0.016 -0.003
(0.012) (0.012) (0.014) (0.013) (0.017) (0.010) (0.015) .010)

n 27 27 21 21 14 14 10 10
Total Establishments 0.019* 0.007 0.022* 0.008 0.023  0.014 0.004  0.000
(0.009) (0.008) (0.0112) (0.010) (0.014) (0.011) (0.016) .019)

n 27 26 21 20 14 13 10 9
Full Set of Emp. Share/Location Controls N Y N Y N Y N Y

Note on all columns: Dependent variable is a dummy variatnievhether an airline has labeled an airport as a hub in acpéatiyear. Each coefficient is from an
event-time difference-in-difference regression spedfiin run on treated and synthetically constructed contnigk. Event study estimates presented here include
controls for pre-treatment trends. In some cases, the siattontrol units were constructed solely based on thelpssiry of the outcome variable of interest -
these are the odd-numbered specifications presented dhamtber cases, these were constructed using a full set obgment shares, latitude/longitude, Census
region binary variables, and variables that predict eadyohical airport location - these are the even-numberegifipations above. Columns (1) - (4) present
outcomes for hub openings, while Columns (5) - (8) presettares for hub closings. Columns (3), (4), (7) and (8) prewadtimates based on “Major” hubs,
which are those hubs with an airline that would eventuallpbsorbed into a major legacy airline family. All models und$ “airport potential” airports which do
not affect estimation of the coefficient on the dependeriaisée, but may improve efficiency. Standard errors in pdresgs. All standard errors clustered at the
CBSA level. *p < 0.1, * p< 0.05, % xxp < 0.01
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Table 6: Results - Synthetic Control Event Study - Wage Quenby Sample Group

Hub Opening Hub Closing
All Hubs Major Hubs All Hubs Major Hubs
1) (2) 3) 4) Q) (6) (1) (8)
Per-Capita Personal Income 0.023***  (0.012*** 0.031*** (@B*** -0.019 -0.012 -0.024 -0.015
(0.007) (0.004) (0.009) (0.004) (0.014) (0.010) (0.018) .01@)
n 26 26 20 20 14 14 10 10
Payroll Per Worker 0.020***  0.016*** 0.027***  0.018*** -0004 -0.001 -0.010 -0.004
(0.006) (0.004) (0.006) (0.004) (0.008) (0.007) (0.008) .008)
n 25 25 19 19 14 14 10 10
Earnings Per Worker 0.030***  (0.015*** 0.035***  0.014*** -04  0.001 -0.007  0.000
(0.006) (0.004) (0.008) (0.004) (0.009) (0.008) (0.010) .010)
n 26 26 20 20 14 14 10 10
Wages and Salaries Per Worker 0.029***  0.011** 0.036*** 010 -0.004 -0.003 -0.008 -0.006
(0.006) (0.005) (0.006) (0.007) (0.007) (0.007) (0.008) .008)
n 26 24 20 18 14 14 10 10
Full Set of Emp. Share/Location Controls N Y N Y N Y N Y

Note on all columns: Dependent variable is a dummy variatnievhether an airline has labeled an airport as a hub in acpdatiyear. Each coefficient is from an
event-time difference-in-difference regression spediin run on treated and synthetically constructed conndk. Event study estimates presented here include
controls for pre-treatment trends. In some cases, the siattontrol units were constructed solely based on thelpssiry of the outcome variable of interest -
these are the odd-numbered specifications presented dhamtber cases, these were constructed using a full set dibgment shares, latitude/longitude, Census
region binary variables, and variables that predict eaidyohical airport location - these are the even-numberedifipations above. Columns (1) - (4) present
outcomes for hub openings, while Columns (5) - (8) presettares for hub closings. Columns (3), (4), (7) and (8) prewadtimates based on “Major” hubs,
which are those hubs with an airline that would eventuallabsorbed into a major legacy airline family. All models ¢ “airport potential” airports which do
not affect estimation of the coefficient on the dependeritiase, but may improve efficiency. Standard errors in pdresgs. All standard errors clustered at the
CBSA level. *p < 0.1, * p< 0.05, % xxp < 0.01
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Figure 2: Synthetic Control Event Study - Hub Openings - Aavel Sector Outcomes
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Each plot presents an event study run on airports expenigracihub opening or closing event, and their syntheticallystwicted counterfactuals. Please see
section 3.1.2 for more details on the construction of thelsstic units, and the specifications used to construct thesat study plots. Case = 1 indicates all

estimated synthetic counterfactuals were used in the astim regardless of goodness of fit. Ver = 3 indicates albbdes in 3.1.2 were used in constructing the
counterfactual synthetic units.
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Figure 3: Synthetic Control Event Study - Hub Openings - Gtpnomy Output Measures
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Each plot presents an event study run on airports expenigracihub opening or closing event, and their syntheticallystwicted counterfactuals. Please see
section 3.1.2 for more details on the construction of thelsstic units, and the specifications used to construct thesat study plots. Case = 1 indicates all

estimated synthetic counterfactuals were used in the astim regardless of goodness of fit. Ver = 3 indicates albbdes in 3.1.2 were used in constructing the
counterfactual synthetic units.
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Figure 4: Synthetic Control Event Study - Hub Openings - Wslgasures
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Each plot presents an event study run on airports expenigracihub opening or closing event, and their syntheticallystwicted counterfactuals. Please see
section 3.1.2 for more details on the construction of thelsstic units, and the specifications used to construct thesat study plots. Case = 1 indicates all

estimated synthetic counterfactuals were used in the astim regardless of goodness of fit. Ver = 3 indicates albbdes in 3.1.2 were used in constructing the
counterfactual synthetic units.
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Figure 5: Synthetic Control Event Study - Number of Destorad
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Each plot presents an event study run on airports expenigracihub opening or closing event, and their syntheticallystwicted counterfactuals. Please see
section 3.1.2 for more details on the construction of thelsstic units, and the specifications used to construct thesat study plots. Case = 1 indicates all

estimated synthetic counterfactuals were used in the astim regardless of goodness of fit. Ver = 3 indicates albbdes in 3.1.2 were used in constructing the
counterfactual synthetic units.



Figure A.1: Airline Genealogy: United
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Table A.1:

Study Hub Airport Characteristics

AirportCode  AirportName City State  YearHubOpened YearBlidsed Passengers Flights NonStopDests OneStopDests agiware
ATL Hartsfield - Jackson Atlanta Intl Atlanta GA 1978 23.82 060 190 401 163
BNA Nashville Intl Nashville TN 1987 1995 272 91 129 300 153
BOI Boise Air Terminal/Gowen Fld Boise ID 1983 2003 0.62 28 78 224 148
BOS General Edward Lawrence Logan Intl Boston MA 2005 8.64 421 146 356 165
BWI Baltimore/Washington Intl Thurgood Marshal ~ Baltimore MD 1983 2003 5.34 147 127 315 148
CLE Cleveland-Hopkins Intl Cleveland OH 1978 3.33 118 123 030 163
CLT Charlotte/Douglas Intl Charlotte NC 1979 6.67 203 116 527 189
CMH Port Columbus Intl Columbus OH 1991 2003 1.88 59 105 273 8 14
CcOos City Of Colorado Springs Muni Colorado Springs CO 1995 9719 0.63 22 71 217 168
CVG Cincinnati/Northern Kentucky Intl Covington KY 1986 52 132 112 268 201
DAY James M Cox Dayton Intl Dayton OH 1982 1992 1 55 82 232 171
DTW Detroit Metropolitan Wayne County Detroit Ml 1984 9.18 4 130 302 155
JFK John F Kennedy Intl New York NY 1992 8.19 242 65 172 187
LAS Mc Carran Intl Las Vegas NV 1986 2008 10.75 230 77 183 106
LAX Los Angeles Intl Los Angeles CA 1999 17.07 415 89 213 136
MCI Kansas City Intl Kansas City MO 1985 2009 3.81 120 66 154 812
MCO Orlando Intl Orlando FL 2008 8.49 182 65 156 136
MEM Memphis Intl Memphis TN 1985 3.06 174 64 132 198
MKE General Mitchell Intl Milwaukee wi 1985 191 72 52 127 163
MSP Minneapolis-St Paul Intl/Wold-Chamberlain Minneagol MN 1978 9.14 240 60 142 189
OMA Eppley Airfield Omaha NE 1994 2002 1.17 42 36 93 151
ORD Chicago O’Hare Intl Chicago IL 1979 25.53 604 60 134 178
PDX Portland Intl Portland OR 1980 3.49 106 38 104 131
PHL Philadelphia Intl Philadelphia PA 1985 6.93 205 46 105 218
PHX Phoenix Sky Harbor Intl Phoenix AZ 1983 10.62 271 39 106 611
PIT Pittsburgh Intl Pittsburgh PA 1979 2004 5.88 187 39 89 182
RDU Raleigh-Durham Intl Raleigh/Durham NC 1987 2003 2.56 79 27 60 185
RNO Reno/Tahoe Intl Reno NV 1992 1999 1.74 50 18 56 99
SAN San Diego Intl San Diego CA 1978 1988 5.34 119 22 66 103
SEA Seattle-Tacoma Intl Seattle WA 1980 7.86 194 22 64 140
SFO San Francisco Intl San Francisco CA 1978 11.66 272 17 60 7 14
SJC Norman Y. Mineta San Jose Intl San Jose CA 1988 2012 3.24 92 11 39 112
SLC Salt Lake City Intl Salt Lake City uT 1982 5.34 136 13 41 155
STL Lambert-St Louis Intl St Louis MO 1980 2003 7.85 230 12 36 431
SYR Syracuse Hancock Intl Syracuse NY 1983 1991 0.8 37 6 16 163

Notes: AirportCode = FAA Airport location ID. NonStopDest®Number of destinations that can be reached with a non-sghy ftom the airport. OneStopDests
= Number of destinations that can be reached with no moredharconnection from the airport. Passenger boardings ironsl Flights in thousands. Average
Fare = (inflation-unadjusted) average one-way fare. Ddtelosures during or after year 2012 are not included.
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Table A.2: Study Hub Potential (Control) Airport Charadgcs (Part 1 of 2)

AirportCode  AirportName City State  Passengers Flights $topDests OneStopDests AverageFare
ABE Lehigh Valley Intl Allentown PA 0.24 13 61 210

ALB Albany Intl Albany NY 0.75 26 97 239 173
AMA Rick Husband Amarillo Intl Amarillo TX 0.33 12 52 165

AUS Austin-Bergstrom Intl Austin TX 2.18 66 113 304 139
BDL Bradley Intl Windsor Locks CT 2.09 61 114 295 173
BHM Birmingham-Shuttlesworth Intl Birmingham AL 0.92 35 99 245 160
BIL Billings Logan Intl Billings MT 0.24 13 60 183

BUF Buffalo Niagara Intl Buffalo NY 1.6 57 95 235 137
CHA Lovell Field Chattanooga TN 0.15 9 40 159

CHS Charleston Afb/Intl Charleston SC 0.51 21 67 190

CID The Eastern lowa Cedar Rapids 1A 0.21 12 47 187

CRW Yeager Charleston WV 0.13 8 34 156

DAB Daytona Beach Intl Daytona Beach  FL 0.28 9 41 119

DSM Des Moines Intl Des Moines 1A 0.52 27 69 204 177
ELP El Paso Intl El Paso X 1.29 45 70 184 138
EVV Evansville Rgnl Evansville IN 0.08 4 25 144

FAT Fresno Yosemite Intl Fresno CA 0.25 13 39 132

FSD Joe Foss Field Sioux Falls SD 0.21 13 40 134

GEG Spokane Intl Spokane WA 0.84 34 60 166 134
GRB Austin Straubel Intl Green Bay WI 0.2 12 35 114

GRR Gerald R. Ford Intl Grand Rapids Ml 0.51 22 59 155

GSO Piedmont Triad Intl Greensboro NC 0.75 36 60 163 171
GSP Greenville Spartanburg Intl Greer SC 0.34 13 45 139

HSV Huntsville Intl-Carl T Jones Field  Huntsville AL 0.27 14 38 125

ICT Wichita Mid-Continent Wichita KS 0.45 27 50 150 179

Notes: AirportCode = FAA Airport location ID. NonStopDestdNumber of destinations that can be reached with a non-sghy ftom the airport. OneStopDests
= Number of destinations that can be reached with no moredharconnection from the airport. Passenger boardings ironsl Flights in thousands. Average
Fare = (inflation-unadjusted) average one-way fare.
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Table A.3: Study Hub Potential (Control) Airport Charadgcs (Part 2 of 2)

AirportCode  AirportName City State  Passengers Flights ®topDests OneStopDests AverageFare
IND Indianapolis Intl Indianapolis IN 2.32 91 75 190 146
JAN Jackson-Evers Intl Jackson MS 0.35 17 42 107

JAX Jacksonville Intl Jacksonville FL 1.53 48 60 140 156
LBB Lubbock Preston Smith Intl Lubbock X 0.42 17 25 76

LEX Blue Grass Lexington KY 0.24 12 33 111

LIT Bill And Hillary Clinton National/Adams Fi  Little Rock R 0.74 27 46 118 156
MAF Midland Intl Midland TX 0.42 15 22 69

MDT Harrisburg Intl Harrisburg PA 0.32 14 30 92

MLI Quad City Intl Moline IL 0.19 13 19 80

MOB Mobile Rgnl Mobile AL 0.24 12 22 67

MSN Dane County Rgnl-Truax Field Madison Wi 0.35 17 29 79

OKC Will Rogers World Oklahoma City OK 1.25 44 37 94 160
PIA General Downing - Peoria Intl Peoria IL 0.1 10 7 51

PVD Theodore Francis Green State Providence RI 121 35 23 50 74 1
ROC Greater Rochester Intl Rochester NY 0.88 38 18 43 193
SAT San Antonio Intl San Antonio X 2.47 74 19 54 165
SDF Louisville Intl-Standiford Field Louisville KY 1.07 79 16 40 154
SHV Shreveport Rgnl Shreveport LA 0.21 14 6 26

SMF Sacramento Intl Sacramento CA 2.58 67 9 36 125
SRQ Sarasota/Bradenton Intl Sarasota/Bradenton  FL 0.6 17 5 18

TLH Tallahassee Rgnl Tallahassee FL 0.23 11 3 9

TOL Toledo Express Toledo OH 0.16 16 3 11

TUL Tulsa Intl Tulsa OK 1.13 43 3 16 189
TUS Tucson Intl Tucson AZ 1.24 39 2 16 248
TYS Mc Ghee Tyson Knoxville TN 0.39 19 1 5

Notes: AirportCode = FAA Airport location ID. NonStopDestdNumber of destinations that can be reached with a non-sghy ftom the airport. OneStopDests
= Number of destinations that can be reached with no moredharconnection from the airport. Passenger boardings ironsl Flights in thousands. Average
Fare = (inflation-unadjusted) average one-way fare.
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Figure A.3: Airline Genealogy: Delta
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Figure A.4: Airline Genealogy: Other Airlines
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Airline Genealogy: Southwest Airlines
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Figure A.6: Synthetic Control Event Study - Hub Closings r Aiavel Sector Outcomes

Enplanements (Fassenger Counts - FAA)
Hub Closing; SC ES; No. Alrports = 12, Case=1_Ver=3

-2 1

2 -1

0 1 2
Years Since Hub Closing

Air Travel Employment (CBPF)
Hub Closing: SC ES; No. Airports = 11, Case=1, Ver=3

0 1 2
Years Since Hub Closing

Treatment Effect

Treatment Effect

0.50

0.00

-0.50

-1.00

0.20

0.00

-0.20

-0.40

-0.60

-0.80

Operations (Flight Counts - FAA)
Hub Closing; SC ES; No. Airports =9, Case=1, Ver=3

3 -2 -1 0 1 2 3 4 5
Years Since Hub Closing

Hotels Employment (CBP)
Hub Closing; 3C ES; No. Airports = 13, Case= 1, Ver=3

-3 =2 -1 0 1 2 3 4 5
Years Since Hub Closing

Each plot presents an event study run on airports expenigracihub opening or closing event, and their syntheticallystwicted counterfactuals. Please see
section 3.1.2 for more details on the construction of thelsstic units, and the specifications used to construct thesat study plots. Case = 1 indicates all

estimated synthetic counterfactuals were used in the astim regardless of goodness of fit. Ver = 3 indicates albbdes in 3.1.2 were used in constructing the
counterfactual synthetic units.
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Figure A.7: Synthetic Control Event Study - Hub Closings ty@conomy Output Measures
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Each plot presents an event study run on airports expenigracihub opening or closing event, and their syntheticallystwicted counterfactuals. Please see
section 3.1.2 for more details on the construction of thelsstic units, and the specifications used to construct thesat study plots. Case = 1 indicates all

estimated synthetic counterfactuals were used in the astim regardless of goodness of fit. Ver = 3 indicates albbdes in 3.1.2 were used in constructing the
counterfactual synthetic units.
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Each plot presents an event study run on airports expenigracihub opening or closing event, and their syntheticallystwicted counterfactuals. Please see
section 3.1.2 for more details on the construction of thelsstic units, and the specifications used to construct thesat study plots. Case = 1 indicates all

estimated synthetic counterfactuals were used in the astim regardless of goodness of fit. Ver = 3 indicates albbdes in 3.1.2 were used in constructing the
counterfactual synthetic units.
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Figure A.9: Synthetic Control Event Study - Wholesale andusements and Recreation Employment
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Each plot presents an event study run on airports expenigadiub opening or closing event, and their syntheticalhstmicted counterfactuals. Please see section
3.1.2 for more details on the construction of the synthetiitsu and the specifications used to construct these euaty plots. Case = 1 indicates all estimated
synthetic counterfactuals were used in the estimatiomrodgss of goodness of fit. Case = 2 refers to an estimationendmdy major hubs were considered, again
regardless of goodness of fit. Ver = 3 indicates all variainl€s1.2 were used in constructing the counterfactual stithinits.



