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Abstract
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how the enlargement of the relevant market affects the ability of firms
to coordinate on a Nash equilibrium. Using data on the U.S. air
transportation industry, we present a Difference-in-Difference procedure which sheds light on the significant loss of accuracy in airlines’
predictions in markets originating in Dallas after the Love Field airport started operating long distance services in 2014. This suggests
that competition authorities should be careful when they refer to the
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Introduction

Competition authorities usually devote a lot of efforts to delineate some relevant market before progressing to evaluate competitive effects. This definition is a crucial step in the analysis of merger cases, and also at the moment of
determining the degree of dominance of a particular firm or group of firms, as
often it drives results of antitrust cases (Kaplow, 2010; Baker, 2007). Indeed
plaintiffs typically claim narrower markets and defendants broader markets,
as illustrated by cases such as Federal Trade Commission (FTC) versus Staples in 1997, FTC versus Whole Foods Mkt. Inc. in 2008, United States
versus Oracle in 2004, or Ziegler SA versus European Commission in 2013.
The relevant market identifies the set of products that impose constraints
on each other’s pricing or other dimensions of competition such as quality,
service, or innovation (Davis and Garcés, 2009). The economic literature
has shed light on various methodologies for identifying this set of products.
Examining price differences and correlations is perhaps the most common
empirical method used, the intuition being that the prices of goods that are
substitutes should move together. The researcher may as well be interested
in directly estimating the degree of substitution between a good and its potential substitutes, which requires detailed consumer-level data on the set of
possible choices that consumers face and the actual choice that they made. A
third approach is the so-called hypothetical monopolist (SSNIP) test. Market
definition can then be thought of as the set of products for which, if they were
produced by a monopolist, the constraints arising from weaker substitutes
outside the market would be insufficient to restrict the monopolist’s incentives to increase all prices simultaneously. The SSNIP test nowadays is the
standard by which researchers or courts define antitrust markets (Gaynor et
al., 2013; Haucap et al., 2021), even if it is often criticized for assuming that
all prices outside the candidate set remain fixed, thus neglecting strategic
pricing behavior of competitors.
Belova, Gagnepain, and Gauthier (2021) (BGG hereafter) proposes an
alternative approach to identify the relevant market. They rely on the presumption that coordination on a Nash equilibrium may be more difficult
to achieve in the presence of a large relevant market. Firms then have to
predict the outcomes of complex interactions between a higher number of
competitors, each one with a richer variety of available strategies. BGG
build an index based on rationalizability criteria for the likelihood that an
equilibrium obtains (Guesnerie, 1992). The theory predicts a successful co2

ordination on the Nash equilibrium if the value taken by this index is below a
threshold. BGG show that the threshold gets lower as the unobserved part of
the relevant market expands, hence making the occurrence of the equilibrium
less plausible.
Based on BGG we use in this paper data on the U.S. air transportation
industry to analyze how a change in the size of the relevant market affects
the ability of firms to coordinate on a Nash equilibrium. In the airline industry, there are many circumstances where it is difficult to identify the relevant
market associated with a particular origin and destination city pair. One may
think of multimarket contacts through common endpoints or transportation
services as a composite good that consist of differentiated items, e.g., economy versus business class services, or non-stop direct versus indirect flights.
Alternative products that entail other modes of transportation such as car
or railway can also make identification more difficult. Neglecting part of the
potential goods or services in the relevant market leads to underestimate the
overall transportation capacity that the airlines have to predict. The econometrician working on a subsample of products could wrongly conclude in
favor of a Nash outcome while the actual behavior in fact departs from this
equilibrium in the unobserved relevant market.
To test for this prediction, we use the Wright amendment as a natural
experiment. The Wright amendment was a US federal law introduced in
1979 that governed traffic at Dallas Love Field (DAL) to protect Dallas Fort
Worth Airport (DFW) from competition (Ciliberto and Tamer, 2009). The
amendment prohibited carriers from operating services between DAL and
destinations beyond Texas and its neighboring states. The law was partially
repealed in 2006 and then fully repealed in 2014. The abrogation of airline service restrictions from DAL in a Southwest stronghold area implies
greater competitive pressure on DFW, where American Airlines operates direct non-stop long-haul flights. The abrogation of service restrictions affects
the expansion of the size of the relevant market of services including the Dallas/Fort Worth area as an origin or destination point, depending on whether
the point of destination of origin belongs to the so-called five-state region
or not. After the abrogation of the Wright amendment, the same relevant
market would typically include all airline services from both DAL and DFW.
Whether or not such an increase of the size of the relevant market affects the
ability of competing airlines to predict other carriers decisions accurately can
be tested empirically. To do so, we follow a Difference-in-Difference estimation strategy using data from the Bureau of Transportation Statistics over
3

the 2003-2016 period. We separate routes that are affected by the amendment (those that entail longer flying distances) from those that are not, and
the two periods of interest correspond to the stage during which the amendment is active and the one after its full repeal. We find that the expansion of
the Dallas airline city market following the full repeal of the Wright amendment caused a high increase in the gap between actual and Nash volumes of
transported passengers, a signal that airlines indeed had more difficulties to
make good predictions.
The rest of our article is organized as follows. We present BGG’s main
insights on the computation of the stability index and the identification of
a relevant market in Section 2. Section 3 presents the Wright amendment.
Section 4 discusses the data. Section 5 present the empirical model and the
estimation results. Finally section 6 concludes.

2

Stability index and relevant market

In a Nash equilibrium firms are assumed to be able to predict correctly
the behavior of others. Desgranges and Gauthier (2016) relax this requirement and examine whether firms can convince themselves to play Nash if
they only know that the other firms play close to the equilibrium. Using a
rationalizability-based device, they show that firms should succeed to coordinate on a Nash equilibrium of a Cournot game if and only if
STAB ≡

X
f

Rf0 (Q∗−f )
< S̄,
Rf0 (Q∗−f ) − 1

(1)

where Rf (Q∗−f ) is the production of firm f best-response to the aggregate
production Q∗−f of firms other than f , evaluated at the equilibrium.
If the econometrician observes the whole relevant market, the value of the
threshold S̄ in Condition (1) is 1. Hence Condition (1) can be viewed as a test
that predicts a low spread between the actual observed production and the
theoretical Nash equilibrium production if the stability index STAB is below
1. The spread should be magnified if instead STAB stands above 1. BGG
adapt this test to the particular case of the airline industry. They estimate a
structural model for this industry using quarterly data from the U.S. Bureau
of Transportation Statistics over the 2003-2016 period. The model yields the
volume of transported passengers in the equilibrium for every U.S. domestic
4

route × airlines × quarter, as well as the slope of the best-response functions,
and so the value of the index for every route × quarter in their sample. BGG
find that the index is below 1 in approximately 90% of the markets in their
dataset, and they show that a 10% increase of the index is associated with a
7% increase in the difference between observed and Nash quantities.
If the econometrician only observes a part of the relevant market, and
so computes the index STAB missing the other part, the threshold S̄ has to
be adjusted downward below 1. One main innovation in BGG is to develop
an empirical method to estimate this threshold. They argue that a lower
value of S̄ comes with a higher share of missing products not identified in
the set of potential substitutes on a given route. As the threshold goes down,
it becomes more likely that the observed strategies differ from Nash. The
corresponding gap thus can be used as a tool to assess empirically the scope
of the relevant market in a given industry.

3

The Wright amendment

The Wright amendment investigated in Ciliberto and Tamer (2009) serves as
a natural experiment which can be exploited in order to provide additional
feedback about the validity of the methodology proposed in BGG. The aim of
the Wright amendment was to restrict airline services out of the Dallas Love
airport (DAL) in order to stimulate the activity of the Dallas/Fort Worth
airport (DFW).
To put things into perspective, it is important to note that both airports
are strategic hubs for two of the largest carriers in the U.S., American Airlines
and Southwest. On the one hand, American Airlines is headquartered in Fort
Worth and has its largest hub in DFW. In 2015, American Airlines had about
84% of the market share at DFW, making it the largest carrier at the airport.
On the other hand, Southwest headquarter is located on the grounds of DAL
and enjoys a significant dominant position as well: in 2020, DAL has a single
terminal with 20 gates; Southwest has leases to all but two of the gates
(Alaska Airlines leases the remaining two and Delta uses a Southwest gate
for their flights).
In 1980, the Wright amendment gets effective and states that airline services in DAL could be provided only to airports within Texas and its neighboring U.S. states, namely Louisiana, Arkansas, Oklahoma, New Mexico,
Alabama, Kansas, and Mississippi (see for instance Allen, 1989). From DAL
5

airlines could neither offer connecting flights, through service on another airline, nor through ticketing beyond the Wright region. In October 2006 a
partial repeal allows flights using the same aircraft with some stop between
Love Field and destinations outside the Wright zone. The full repeal gets
effective in 2014.
The abrogation of service restrictions affects the expansion of the relevant
market of services including the Dallas/Fort Worth area as an origin or destination point, depending on whether the endpoint belongs to Texas and its
neighboring states region or not. Consider the case of the Dallas-Washington
market for instance: under the Wright amendment, all non-stop flights had
to go through DFW because no services were allowed from/to DAL; all of the
airline services of the relevant market Dallas-Washington would therefore be
products operated from/to DFW. After the abrogation of the Wright amendment, the same relevant market would typically include all airline services
from both DAL and DFW. If the econometrician has only data on airline
services from/to DFW (which is the exercise we implement here), she does
not suffer from any missing information as long as the Wright amendment
is effective (in which case the stability index threshold should be close to 1);
after the abrogation of the Wright amendment however, a significant share
of information would be missing, and this should be reflected in a greater
divergence between actual and Nash numbers of transported passengers and
in Equation (1) a fall in the stability threshold S̄ in airlines routes involving
Dallas.

4

Data

Our primary data combines the Airline Origin and Destination Survey (DB1B)
and financial data made freely available by the U.S. Bureau of Transportation
Statistics. Financial data only provide information on aircraft costs at the
segment level, so that the structural model in BGG is estimated on direct
non-stop flights. Table 1 below reports summary statistics on such flights
in all the routes involving Dallas Fort Worth and airports located inside or
outside the Wright zone. As expected, flights unrestricted by the Wright
amendment (linking Dallas to other destinations within Texas as well as its
neighboring states) display a shorter distance, and they link Dallas to cities
smaller than the densely populated cities reached from Dallas using longhaul flights. The average number of passengers transported by an airlines
6

is similar in the two groups: in the last column the higher average number
of passengers in restricted routes (outside the Wright zone) thus reflects a
higher number of competitors active outside the Wright zone.
Table 1: Summary statistics
Status of routes
wrt the Wright zone
inside
outside

distance Endpoint city market population
(km)
Highest
Lowest
327
5,047,178
1,020,493
974
5,3133,25
2,971,865

Average number of passengers by
route × quarter × airlines route × quarter
131
295
129
348

Table 2 and 3 below list all the routes served by Southwest and American Airlines respectively. We observe that Southwest serves no destination
outside the Wright zone, which were allowed from Fort Worth on the whole
sample period, using direct non-stop flights before the full repeal of 2014.
Kansas City is an exception due to a special exemption of Missouri negotiated in 2005. Southwest starts to provide long distance non-stop flight
services between Fort Worth and cities outside the Wright zone only after
the full repeal of the amendment in 2014.
Instead American Airlines uses its hub airport of Fort Worth to offer
a broad range of services, both on short distance routes not restricted by
the Wright amendment where it competes against Southwest, and on long
distance restricted routes free of Southwest competitive pressures. The cities
in bold are those where both Southwest and American Airlines are active
during at least one quarter within the considered sub-period: it is clear that,
inside the Wright zone, American competes against Southwest in most routes
during the three sub-periods. Outside the Wright zone however, both airlines
are competitors on longer distance non-stop flights only after the repeal of
the amendment. We might expect then that the repeal of the amendment
had no significant impact on the strategic interaction between American and
Southwest on routes located in the Wright Zone, while it might have affected
predictions on services supplied outside the Wright zone.

5

Empirical model and results

To measure how the actual quantity qstf of passengers transported by airline
∗
f departs from the Nash quantity qstf
in route s during quarter t, we refer to
∗
∗
∗
the normalized Nash spread ∆stf = (qstf − qstf
)2 /qstf
. The Nash volume qstf
obtains from the estimation of a structural model of the U.S. airline industry
7
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Table 2: SouthWest (WN) operations at Dallas/Fort Worth
Status of the Wright amendment Routes inside the Wright zone
active
2003-1:2006-2

partial repeal
2006-3:2014-2

full repeal
2014-3:2016-4

Little Rock, AR
Lubbock, TX
Midland/Odessa, TX
San Antonio, TX
New Orleans, LA
Oklahoma City, OK
Tulsa, OK
Amarillo, TX
Austin, TX
El Paso, TX
Albuquerque, NM
Houston, TX
Little Rock, AR
Lubbock, TX
Midland/Odessa, TX
San Antonio, TX
New Orleans, LA
Oklahoma City, OK
Tulsa, OK
Amarillo, TX
Austin, TX
El Paso, TX
Albuquerque, NM
Houston, TX
Lubbock, TX
San Antonio, TX
New Orleans, LA
Oklahoma City, OK
Tulsa, OK
Austin, TX
El Paso, TX
Albuquerque, NM

Note: Routes where both WN and AA are present are marked in bold.

Routes outside the Wright zone
Kansas City, MO

Kansas City, MO

Kansas City, MO
Milwaukee, WI
Philadelphia, PA
Salt Lake City, UT
Denver, CO
Atlanta, GA
Phoenix, AZ
Seattle, WA
Washington, DC
Chicago, IL
Charlotte, NC
Orlando, FL
Las Vegas, NV
San Francisco, CA
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Table 3: American airlines (AA) operations at Dallas/Fort Worth
Status of the Wright amendment Routes inside the Wright zone
active
2003-1:2006-2

San Antonio, TX
New Orleans, LA
Oklahoma City, OK
Tulsa, OK
Austin, TX
El Paso, TX
Albuquerque, NM
Houston, TX

partial repeal
2006-3:2014-2

Little Rock, AR
San Antonio, TX
New Orleans, LA
Oklahoma City, OK
Tulsa, OK
Austin, TX
El Paso, TX
Albuquerque, NM
Houston, TX

full repeal
2014-3:2016-4

Lubbock, TX
San Antonio, TX
New Orleans, LA
Oklahoma City, OK
Tulsa, OK
Austin, TX
El Paso, TX
Albuquerque, NM

Note: Routes where both WN and AA are present are marked in bold.

Routes outside the Wright zone
Louisville, KY
Kansas City, MO
Philadelphia, PA
Salt Lake City, UT
Denver, CO
Atlanta, GA
Phoenix, AZ
Seattle, WA
Chicago, IL
Charlotte, NC
Detroit, MI
Orlando, FL
Las Vegas, NV
San Francisco, CA
Louisville, KY
Kansas City, MO
Philadelphia, PA
Salt Lake City, UT
Denver, CO
Atlanta, GA
Phoenix, AZ
Seattle, WA
Washington, DC
Chicago, IL
Charlotte, NC
Detroit, MI
Orlando, FL
Las Vegas, NV
San Francisco, CA
Kansas City, MO
Milwaukee, WI
Philadelphia, PA
Salt Lake City, UT
Denver, CO
Atlanta, GA
Phoenix, AZ
Seattle, WA
Washington, DC
Chicago, IL
Charlotte, NC
Orlando, FL
Las Vegas, NV
San Francisco, CA

and is taken from BGG. Figure 1 depicts how the average Nash spread
∆t =

1X
∆stf
n fs
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evolves over time for routes s restricted by the Wright amendment (in red)
and for routes s unrestricted (in black). Here n stands for the numbers of
quarter × airlines observations in the group of routes under scrutiny, either
restricted or not. The two vertical dotted lines indicate the moment of partial
and full repeal.

2003

2005

2007

2009

2011

2013

2015

Figure 1: Nash departures in restricted and unrestricted routes
The gap between the actual and Nash volumes of transported passengers
was possibly magnifying before 2006 in both groups of routes. Recall that
Southwest launched public relations campains against the Wright amendment
from 2004. The partial repeal of the Wright amendment in 2006 seems to have
stopped this trend, and eventually yielded a gap closer to 0 in both groups.
The gap stabilizes at this low level until one approaches the full repeal in
2014. It then starts increasing in routes that were previously restricted by
10

−0.3

−0.1

0.1

0.3

the amendment (in red), while it instead falls in the remaining routes, those
unrestricted by the amendment (in black).
Figure 2 depicts how the difference ∆outside
− ∆inside
in (restricted) routes
t
t
outside the Wright zone and and (unrestricted) routes inside the Wright zone
evolves over time. The difference is therefore positive when the gap between
the actual and Nash quantities is greater in restricted routes. Before the
full repeal, the difference remains close to 0, except between the start of
public relations campaign by Southwest in 2004 and the implementation of
the partial repeal in 2006. Indeed Figure 1 has shown that, at the moment
of the partial repeal implementation, the Nash spread goes back to 0 more
slowly in restricted routes. After the full repeal in 2014, as the relevant
market from Dallas expands with new services offered from Love Field and
Southwest starts scheduling flights from Fort Worth, the difference between
the Nash spread in previously restricted routes increases compared to the
spread in non restricted routes (linking Dallas to city markets within Texas
and its neighboring states).

2003−1

2005−2

2008−1

2010−2

2013−1

2015−2

Figure 2: Relative Nash spread
This pattern suggests to use (unrestricted) routes inside the Wright zone
as a control group for our empirical test of the effect of an expansion of the
relevant market. We construct a Difference-in-Difference (DiD) estimation
procedure as follows: all routes from/to DFW to/from any airport located
outside the Texas neighboring states are in our treatment group, while the
control group comprises all routes from/to DFW to/from any airport located
inside Texas and its neighboring states. Moreover, we define two periods:
before runs from 2003:1 to 2014:2 and corresponds to the period during which
11

the Wright amendment is active in our data; after runs from 2014:3 to 2016:4
and corresponds to the period after the full repeal of the Wright amendment.
This methodology fits our research question very well for two reasons: In
order to accurately assess the impact of a change in the size of the relevant
market on airlines ability to reach a Nash equilibrium, we need to have two
differences present in the estimation. First, we need to have a difference over
time, namely, the differences in the Nash spreads between the first and last
period. Second, we ought to account for cross-sectional differences between
routes located in the Texas and neighboring states area, and those going
beyond the neighboring states zone.
We estimate the following equation
Ψ = β0 +β1 AFTER+β2 OUTSIDE+β3 AFTER×OUTSIDE+δX +ε, (2)
where Ψ is the outcome to be explained. AFTER is a dummy variable
that takes value 1 if the observation happens over the period 2014:3 to
2016:4, OUTSIDE is a dummy variable that takes value one if the observed
route links DFW to an airport located outside Texas and neighboring states,
X is a vector of additional explanatory variables, and ε is an error term.
This setup allows us to specify four categories, namely INSIDE-BEFORE,
INSIDE-AFTER, OUTSIDE-BEFORE, OUTSIDE-AFTER, whose aggregated effects on the explained variable are measured by β0 , β0 + β1 , β0 + β2 ,
and β0 + β1 + β2 + β3 respectively. Our main coefficient of interest is β3 as it
measures the average increase in the explained outcome Ψ in routes outside
the Wright zone over the increase in the routes inside the Wright zone.
The main estimation results are shown in Column (1) to (6) of Table 4.
The explained variable Ψ is the (log of the) Nash spread ∆sf t defined by route
× firm × quarter. They all show that the repeal of the Wright amendment
has implied a huge rise in the Nash spread. In the absence of airline fixed
effects, this rise stands around 75 percent. Column (1) reports the results
of the most parsimonious specification including neither fixed effects nor
additional explanatory variables in X. Columns (2) to (5) account for route
characteristics in X: the average population in the endpoint city markets, the
average temperature and the route distance. The Nash spread is higher in
routes linking Dallas to densely populated cities, in hot weather conditions,
and on long-haul flights, presumably outside the Wright zone. The increase in
the Nash spread is magnified when one introduces airlines fixed effects, using
AirTran Airways as reference. Northwest and America West appear as the
12
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Table 4: Nash spread and market size
Nash spread ∆sf t (log)
(1)
AFTER
OUTSIDE
AFTER x OUTSIDE

(2)
∗

−0.370
(0.219)
0.233∗∗
(0.110)
0.738∗∗∗
(0.261)

POPULATION (millions)

(3)
∗∗

−0.492
(0.219)
−0.093
(0.125)
0.651∗∗
(0.259)
0.324∗∗∗
(0.059)

(4)
∗

(5)
∗

−0.397
(0.220)
0.281∗∗
(0.113)
0.772∗∗∗
(0.261)

−0.405
(0.217)
−0.616∗∗∗
(0.163)
0.820∗∗∗
(0.258)

1.285∗∗∗
(0.183)

−0.553
(0.217)
−0.812∗∗∗
(0.170)
0.782∗∗∗
(0.257)
0.304∗∗∗
(0.059)
0.038∗∗∗
(0.014)
1.220∗∗∗
(0.183)

−3.230∗∗∗
(0.103)
2,167
0.033
0.031

−6.616∗∗∗
(0.964)
2,167
0.047
0.044

0.028∗
(0.014)

TEMPERATURE
DISTANCE (1,000 km)

(6)
∗∗

Alaska Airlines Inc.
America West Airlines Inc.
American Airlines Inc.
Continental AirLines Inc.
Delta AirLines Inc.
Envoy Air
ExpressJet Airlines Inc.
Frontier Airlines Inc.
Mesa Airlines Inc.
Northwest Airlines Inc.
Republic Airlines
SkyWest Airlines Inc.
Southwest Airlines Co.
Spirit Air Lines
United AirLines Inc.
US Airways Inc.
Virgin America
Constant
Observations
R2
Adjusted R2
Notes:

−2.815∗∗∗
(0.085)
2,167
0.011
0.010
∗∗∗

−3.780∗∗∗
(0.196)
2,167
0.025
0.023

−4.645∗∗∗
(0.941)
2,167
0.013
0.011

Significant at the 1 percent level;

∗∗

5 percent;

∗

10 percent.

−0.845∗∗∗
(0.196)
−1.430∗∗∗
(0.170)
1.130∗∗∗
(0.236)
0.194∗∗∗
(0.055)
0.026∗
(0.014)
1.132∗∗∗
(0.180)
−0.886∗∗
(0.441)
−2.048∗∗∗
(0.445)
1.175∗∗∗
(0.256)
0.026
(0.680)
0.600∗
(0.310)
−0.604∗
(0.314)
1.927∗∗∗
(0.663)
0.311
(0.420)
0.352
(1.008)
−2.245∗∗∗
(0.646)
1.091
(0.910)
1.319∗∗∗
(0.406)
−1.314∗∗∗
(0.279)
1.378∗∗∗
(0.305)
0.307
(0.324)
−0.602∗∗
(0.299)
0.963∗
(0.498)
−5.170∗∗∗
(1.061)
2,167
0.256
0.248

least Nash spread airlines, while regional carriers ExpressJet and SkyWest
and the low cost Spirit Air Lines displays the greatest gap between their
actual and Nash strategies. Of course it is no longer optimal to play Nash
when facing non-Nash competitors, so that the least spread carriers may not
necessarily adopt the best seat strategies.
Table 5: Stability index and market size

Stability index STAB (log)

AFTER
OUTSIDE
AFTER x OUTSIDE

(1)

(2)

(3)

(4)

(5)

0.065
(0.054)
0.012
(0.076)
0.279∗∗∗
(0.076)

0.012
(0.055)
−0.128∗
(0.074)
0.242∗∗∗
(0.073)
0.140∗∗∗
(0.041)

0.066
(0.056)
0.010
(0.076)
0.278∗∗∗
(0.077)

0.072
(0.056)
0.192
(0.135)
0.262∗∗∗
(0.078)

0.016
(0.057)
0.071
(0.114)
0.220∗∗∗
(0.073)
0.149∗∗∗
(0.039)
0.001
(0.009)
−0.313∗∗∗
(0.109)
−0.998∗
(0.604)
2167
0.395
0.394

POPULATION (millions)

−0.001
(0.010)

TEMPERATURE
DISTANCE (1,000 km)
Constant
Observations
R2
Adjusted R2
Notes:

−0.592∗∗∗
(0.037)
2167
0.178
0.177

−1.009∗∗∗
(0.121)
2167
0.321
0.32

−0.502
(0.676)
2167
0.178
0.177

−0.272∗∗
(0.121)
−0.504∗∗∗
(0.055)
2167
0.234
0.233

∗∗∗
Significant at the 1 percent level; ∗∗ 5 percent;
Robust standard errors clustered by route.

∗

10 percent.

Tables 5 and 6 discuss the status of the stability index STAB and the
threshold S̄ as suitable summary statistics for the plausibility of the Nash
equilibrium. Table 5 reports estimation results of the model in Equation (2)
with the stability index as an explained variable Ψ. Since BGG estimate
STAB at the route level, the (robust) standard errors are clustered by route.
All the specifications show that the repeal of the Wright amendment yielded
an increase in the index between 20 and 30 percent, in accordance with the
theoretical analysis that markets with a high index are more likely to display
a high departure from Nash. The index is higher in routes with densely
populated cities endpoints, which is consistent with the high Nash spread
found for these routes in Table 4. However, the index tends to be lower on
14

long-haul flights: had the threshold index S̄ below which the theory predicts
a small gap between actual and Nash volumes of transported passengers
stayed fixed, e.g., at 1, the estimate would conflict with the distance results
in Table 4. The results in column (5), where the additional explanatory
variables in X include both population and distance, actually show that the
impact of distance is no longer significant. This suggests that long distance
flights involve big cities: this is eventually a large market size, captured by
a large population at origin/destination endpoints, which favors a departure
from Nash.
Table 6 shows that the threshold S̄ diminishes as the relevant market
expands from Love Field. It is actually reduced by approximately 35 percent
in all the specifications considered in Table 6. As explained above, a lower
threshold S̄ has two main consequencies: First, it implies that a higher fraction of air services included in the relevant market of a particular route is
missing in the database. Moreover, it makes stability on a particular market
more unlikely as the condition expressed in (1) tightens. As the threshold is
estimated at the route level in BGG, the (robust) standard errors are again
clustered by route. The threshold is smaller in routes with densely populated
endpoints, which goes in line with the view that a low threshold captures a
large market.
Overall, the combination of the results in Tables 5 and 6 accord with
our previous finding of a higher Nash spread following the repeal in Table 4:
the stability index STAB increases while the threshold S̄ decreases over the
AFTER period in routes outside the Wright zone, so that in Equation (1) it
becomes more likely to get eventually STAB above S̄ in these routes.

6

Robustness checks

We discuss in this section several variants of our main framework. First,
note that, in the list of routes given in Table 2, Kansas City is operated
by Southwest though the amendment is in force. Several flights connecting
Love Field and Missouri airports were actually exempted from the Wright
restrictions before 2006. In columns (1) and (2) of Table 7, we reproduce
the outcome of an additional DiD estimation with the flights between Fort
Worth and Kansas City moved to the control group. The increase in the
Nash spread is shown to be slightly higher compared to our specification
presented in Table 3 but the general results are left unchanged.
15
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Table 6: Stability threshold and market size

Threshold S̄ (log)

AFTER
OUTSIDE
AFTER x OUTSIDE

(1)

(2)

(3)

(4)

(5)

0.053
(0.065)
−0.012
(0.104)
−0.341∗∗∗
(0.118)

0.098
(0.065)
0.110
(0.112)
−0.308∗∗∗
(0.109)
−0.122∗∗
(0.053)

0.052
(0.065)
−0.011
(0.107)
−0.339∗∗∗
(0.117)

0.059
(0.067)
0.135
(0.119)
−0.355∗∗∗
(0.117)

0.104
(0.067)
0.228∗
(0.128)
−0.324∗∗∗
(0.106)
−0.117∗∗
(0.056)
−0.002
(0.011)
−0.191
(0.170)
0.216
(0.786)
2167
0.185
0.183

POPULATION (millions)
TEMPERATURE

0.001
(0.012)

DISTANCE (km)
Constant
Observations
R2
Adjusted R2
Notes:

−0.331∗∗∗
(0.087)
2167
0.092
0.09

0.031
(0.169)
2167
0.166
0.165

−0.399
(0.794)
2167
0.092
0.09

−0.223
(0.162)
−0.259∗∗
(0.116)
2167
0.118
0.116

∗∗∗
Significant at the 1 percent level; ∗∗ 5 percent;
Robust standard errors clustered by route.

∗

10 percent.
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Table 7: Variants on stability threshold and market size

Nash spread ∆sf t (log)
Kansas City
in INSIDE

AFTER
OUTSIDE
AFTER x OUTSIDE

(2)

(3)

(4)

(5)

(6)

−0.446∗∗
(0.201)
0.142
(0.109)
0.934∗∗∗
(0.248)

−0.673∗∗∗
(0.197)
−1.381∗∗∗
(0.184)
0.983∗∗∗
(0.243)
0.375∗∗∗
(0.060)
0.051∗∗∗
(0.014)
1.733∗∗∗
(0.201)
−7.771∗∗∗
(0.967)
2,167
0.062
0.059

0.632∗∗∗
(0.200)
0.685∗∗∗
(0.228)
−0.375
(0.253)

0.540∗∗∗
(0.197)
−0.315
(0.258)
−0.411
(0.251)
0.291∗∗∗
(0.059)
0.035∗∗
(0.014)
1.196∗∗∗
(0.183)
−6.888∗∗∗
(0.970)
2,167
0.047
0.044

−0.630∗
(0.322)
0.095
(0.198)
1.187∗∗∗
(0.397)

−0.730∗∗
(0.317)
−1.588∗∗∗
(0.317)
1.454∗∗∗
(0.391)
0.028
(0.135)
0.044
(0.030)
2.021∗∗∗
(0.354)
−6.368∗∗∗
(1.900)
743
0.076
0.068

TEMPERATURE
DISTANCE (1,000 km)

Observations
R2
Adjusted R2
Notes:

American Airlines
without Southwest

(1)

POPULATION (millions)

Constant

Partial repeal
in AFTER

−2.755∗∗∗
(0.081)
2,167
0.013
0.011
∗∗∗

−3.383∗∗∗
(0.180)
2,167
0.013
0.011

Significant at the 1 percent level;

∗∗

5 percent;

−2.744∗∗∗
(0.162)
743
0.019
0.016
∗

10 percent.

Second, assume that AFTER takes value 1 earlier on during both subperiods of partial and full repeal, i.e., from 2006 instead of 2014 as in Table 4.
Figure 2 suggested a low divergence between the actual and Nash quantities
of passengers during the partial repeal sub-period. Columns (3) and (4) show
that the total increase in the Nash spread measured over both partial and full
repeal sub-periods is not statistically different from 0. This suggests that the
partial repeal allowing direct flights with stops did not significantly impact
the relevant market of non-stop flights. The actual expansion of the relevant
market starts in 2014, when long distance non-stop flights are allowed from
Love Field.
Finally, we suspect that the increase after 2014 of the Nash spread on
routes located outside the Wright zone is the sum of two distinct effects.
First, starting from 2014, competition increases on many markets originating
in DFW as both Southwest and American airlines are present, which might
affect predictions of all competing firms and change the Nash spread. Second,
the relevant market is expanded as long distance flights are operated from
both DAL and DFW, which makes convergence to a Nash equilibrium more
difficult. In an attempt to separate both effects, we neutralize the higher
competition outcome in DFW. To do so, we reproduce the DiD estimation
using a subsample where American Airlines only (not Southwest) is present.
Hence, the expansion of the relevant market should be the only relevant effect
in this case. The results presented in columns (5) and (6) show a stronger
impact of the unobserved market expansion at Love Field on the Nash spread.
This suggests that the second effect (induced by the simultaneous presence of
Southwest and American Airlines) is negative, as the total effect measured by
β3 in Table 4 is lower. This suggests that American Airlines and Southwest
are probably able to understand each other’s strategy much better than those
of the other competing airlines.

7

Conclusion

This paper exploits the change in the supply of air transportation services
caused by the repeal of the Wright amendment in 2014 to examine how
the gap between the observed quantities of transported passengers and the
hypothetical Nash quantities has after 2014. We find that the larger relevant
market magnified departures from Nash.
A limitation of our exercise relies on the fact that BGG assume airlines
18

playing a static Cournot game on seats and volumes of transported passengers, and obtain estimates of Nash equilibrium volumes, stability indexes and
thresholds from specific functional form of costs and demand. It is well known
that the US airline industry is very challenging for the researcher. Indeed,
all markets in consideration are interconnected in one way or another and
belong to the same network. Thus, multimarket contacts should probably be
accounted for, which would complicate significantly the analysis. Moreover,
other considerations such as dynamic price setting certainly matter as well,
while explicit alliances have also proved relevant concerns. The reader should
see our contribution as an exploration of firms’ misperception conditional on
the assumptions of our model, which is clearly a simplified representation
of the data reality. We expect to improve the fit of our empirical model in
future research.
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