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Abstract

We document price asymmetries in the US airline indus-

try. We find evidence that the average airfare increases

in response to rising fuel cost but does not decrease in

response to declining fuel cost. In searching for the cause of

price asymmetries, we find that common ownership, mea-

sured by overlapping institutional investors, is associated

with greater price asymmetry in the airline industry. To miti-

gate endogeneity concerns, we exploit the variation in com-

mon ownership induced by the financial institution merg-

ers and conduct a difference-in-differences test to establish

the causal effects of commonownership on price asymmetry

in the airline industry. In addition, airlines in highly concen-

trated markets exhibit more price asymmetries than those

in low concentration markets. Our results support focal

price tacit collusion as an important determinant of asym-

metric pricing. Furthermore, first-class airfares are shown

to decrease more slowly than economy-class airfares in

response to fuel cost decreases, which supports consumer

search as themechanism driving asymmetric pricing.
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794 JIANG ET AL.

1 INTRODUCTION

Wedocument asymmetric airline ticket price adjustment to fuel cost changes in theUS airline industry between 2001

and 2016, that is, airfares increase in response to a rise in fuel cost but do not decrease in response to a decline in

fuel cost. Such asymmetric pricing to fluctuations in fuel cost is important for airlines, consumers, and policymakers to

understand. Jet fuel cost represents amajor cost for airlines (Koopmans and Lieshout, 2016), and volatility in fuel cost

levels imposes significant risk to the airline industry (Borenstein, 2011).1 However, consumers and policymakers have

expressed concerns about possible anticompetitive dynamics during the US Department of Justice’s investigation of

potential airline price collusion, inwhichmajorUS airlineswere accused of having saved billions of dollars on their fuel

expenses without passing on even a portion of these savings to passengers (Harwell et al., 2015).

In search of the cause of price asymmetries, we document two important determinants of asymmetric pricing: focal

price tacit collusion and consumer search. Focal price tacit collusion refers to the practice of firmsusing past prices as a

focal point to collude, that is, if the cost drops then theprevious price is sustaineduntil a firmbreaks the agreement and

triggers a pricewar; conversely, if cost increases then firms raise their price tomaintain apositivemargin in accordance

with the collusive agreement (Borenstein et al., 1997; Lewis, 2011).

Commonownership (competing firmswith overlapping ownership) has been shown to be associatedwith increases

in the likelihood of collusion (Azar et al., 2018a, 2018b, 2018c; Azar et al., 2019; He & Huang, 2017; Pawliczek et al.,

2019; Levenstein & Suslow, 2006; Stigler, 1964). If competing firms with common owners have reduced incentive to

temper collusive selling price behavior, then we expect that asymmetric pricing is more pronounced when firms have

common ownership, measured by overlapping institutional investors (institutional investors of a firm that also own

shares of peer firms).2

Common ownership refers to the investment practice of investors holding investment positions in more than one

company competing in the same sector. Financial investors often have overlapping ownership interests in a substan-

tial fraction of the equity of rival firms in the airline industry. For example, Vanguard owns 6.12% of the equity in

Southwest Airlines, and 5.4% of the equity in United Airlines, a rival company. Common ownership between airlines

facilitates such practices as signing anti-competitive agreements or passing sensitive information between commonly

owned competitors, thereby nullifying direct competition, which in turn results in higher profits for all involved. If

investors holding financial stakes in multiple airlines have reduced incentive to foster competition among those air-

lines, we would expect the likelihood of tacit collusion to increase in common ownership, which is associated with

a greater price asymmetry effect in the airline industry. To test this hypothesis, we construct a measure of common

ownership (Common institutional holdings) from 13F filings using Thomson-Reuters institutional holdings data, which

is similar to those from Cohen and Frazzini (2008) and Jiang et al. (2016). We compute this as the number of institu-

tional investors reporting holdings in an airline company as well as of any “same-market” peers in the year, divided by

the number of institutional investors of the airline company. This measure is based on the idea that competing firms

with common owners may lack the incentive to temper collusive selling price behavior in response to fluctuations in

fuel cost. We predict that asymmetric price adjustment is more severe in firms with more overlapping investors. The

empirical evidence is consistent with our prediction: price asymmetry is more pronounced in airlines with more over-

lapping institutional investors.3

1 In 2014, fuel cost composed around 20–50% of airlines’ total costs.

2 A large body of literature has studied the potential influence of institutional investors on firm value, mutual fund performance and stock returns (e.g., Riley,

2021; Tosun, 2019; Jiang and Yüksel, 2019; and Jiang et al., 2021).

3 For robustness, we also examine twoothermeasures of commonownership: commonmutual fund holdings and common analyst coverage. Commonmutual

fund holdings is the number of actively-managed equity mutual funds reporting holdings on an airline company as well as on any of the "same-market" peers

in the year, divided by the number of actively-managed equitymutual fundswith holdings in the airline company. The data are fromThomson-Reutersmutual

fund holdings. Common analyst coverage is the number of analysts providing EPS forecasts for an airline company as well as on any of the "same-market"

peers in the year, divided by the number of analysts covering the airline company. The analyst data are retrieved from the IBES Detailed History File. The

results are robust: the price asymmetry effect is more pronounced in firms with more common mutual fund holdings and more overlapping analysts. These

results are available from the authors upon request.
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JIANG ET AL. 795

To mitigate endogeneity concerns of common ownership, we run a difference-in-differences test based on the

quasi-natural experiment of financial institution mergers following He and Huang (2017). Since financial institutions

are unlikely tomerge for reasons related to any individual firm’s performance and characteristics in their portfolio (He

and Huang (2017)) and airline stocks typically constitute only a small fraction of these institutions’ portfolios (Azar,

Schmalz & Tecu, 2018a, 2018b, 2018c; Sun et al., 2021), these financial institutions’ mergers exert an arguably exoge-

nous shock to the commonownership of themerging institutions’ portfolios.We exploit the variation in commonown-

ership generated by these mergers to establish the causal effects of common ownership on price asymmetry in the

airline industry. Our results suggest that the price asymmetry ismore pronounced in firms that experience an increase

in commonownership induced by thesemergers. The empirical evidence further corroborates the previous result that

common ownership by institutional blockholders is associated with greater price asymmetry in the airline industry.

The likelihood of collusion also increases withmarket concentrationmeasured by the Herfindahl-Hirschman Index

(HHI), which captures the number of firms and their relative share within the market. HHI is calculated as the sum of

squaredmarket share of each firm competing in the samemarket, wheremarket share is the percentage of each firm’s

sales over total market sales. We expect pricing asymmetry to be more pronounced in a high concentration market

than in a low concentrationmarket.We find evidence consistent with our hypothesis.

Overall, the two factors we document (common ownership andmarket concentration) support focal price tacit col-

lusion as an explanation for asymmetric pricing. Our findings suggest firms with common ownership and/or in high

concentrationmarket may lack the incentive to temper collusive selling price behavior.

In addition to the focal price tacit collusion explanation, formalmodels of consumer search driving asymmetric pric-

ing havebeendeveloped. Yang andYe (2008), Tappata (2009), and Lewis (2011) all show that consumer search can lead

to equilibriumasymmetric pricing if consumers aremore likely to search following a cost increase than a cost decrease.

Themodels in Yang and Ye (2008) and Tappata (2009) both suggest that higher search cost leads to less search (i.e., as

search cost increases, a given consumer searches less). Thus, firms will have little incentive to lower their prices in

response to a negative cost shock if their consumers are not actively searching. As a result, the prices will decline

more gradually for higher search cost consumers than for lower search cost consumers. An additional implication of

Yang and Ye (2008) is that if the proportion of zero search cost shoppers decreases, then prices will adjust downward

more slowly in response to a negative cost shock. Given that consumerswhopurchase first-class tickets generally earn

higher incomes, and are less price sensitive than thosewho purchase economy-class tickets, it is reasonable to assume

that first-class customers are typified by higher search cost and are less likely to shop around for the lowest possible

price. If asymmetric pricing is a consequence of consumer search, then first-class airfares should fall more slowly than

economy-class airfares in response to fuel cost decreases. Our results support this hypothesis.

A variety of studies involving gasoline (Karrenbrock, 1991; Borenstein, Cameron and Gilbert, 1997), bank deposit

rates (Neumark and Sharpe, 1992; Jackson, 1997), and municipal bonds (Green et al., 2010) all find that output prices

respond faster to input price increases than to decreases. We add to the literature by establishing the presence of

price asymmetry in the airline industry in a comprehensive sample of all US airlines between2001Q1and2016Q4.We

also improve the test by matching average airfare per mile flown with the actual jet fuel cost normalized by revenue-

passenger miles, which are hand-collected from TranStats Database of the Bureau of Transportation Statistics (BTS).

SinceBorenstein, Cameron andGilbert (1997) proposed focal price tacit collusion as a critical determinant of asym-

metric pricing, Verlinda (2008) and Lewis (2011) both provide supporting empirical evidence in the retail gasoline

industry. We contribute to the literature by showing that airlines in high concentration markets (measured by HHI)

exhibit more price asymmetry than those in low concentration markets, which supports the focal price tacit collusion

explanation.

Azar, Schmalz & Tecu (2018a, 2018b, 2018c) show common ownership motivates anti-competitive practices and

leads to higher prices in the airline industry. Azar, Raina and Schmalz (2019) report similar findings for the bank-

ing industry. Dennis et al. (2021) revisit the anti-competitive pricing effect and argue that the prior evidence could

be explained by the market share component of their common ownership measure in prior literature. Our paper

focuses on the airline industry and examines the specific pricing practice of asymmetric pricing.We contribute to this
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796 JIANG ET AL.

growing body of work by showing that competing firmswith common owners have reduced incentive to temper collu-

sive selling price behavior, which leads to price asymmetries in response to changing fuel cost.We focus on focal price

tacit collusion as an important determinant of asymmetric pricing, and our paper speaks to an ongoing debate among

policy makers regarding how to best promote competition in the airline industry.

Besides single-industry studies, a growing body of work investigates the relationship between common owner-

ship and product market competition (He & Huang, 2017; Koch et al., 2021; Lewellen & Lowry, 2021; Lopez & Vives,

2019; Gilje et al., 2020; Abdoh & Liu, 2021). He and Huang (2017) examine the impact of institutional common own-

ership on product market behavior and performance and find that common-held firms experience significantly higher

market share growth than control firms. Koch, Panayides and Thomas (2021) construct a common ownership concen-

tration measure which combines a firm’s market share, common institutional ownership, and voting controls of the

firm. Lewellen and Lowry (2021) alsomodify the empirical measure of common ownership. The latter two studies find

little robust evidence that common ownership affects firm behavior or its outcome in the product market. Our work

complements these studies by examining a strategic asymmetric pricing behavior in the product market. Our findings

indicatewhen firmswithin the same industry have overlapping institutional investors, common ownershipmay induce

focal price tacit collusions.

Lewis (2011), Hastings and Shapiro (2013), and Remer (2015) have provided empirical evidence in support of con-

sumer search in the retail gasoline industry. Consumer search theories predict that product prices of higher search

cost consumers will decline more gradually in response to a cost decrease. We add to the literature by finding that

first-class airfares, consumers of which have higher search cost than those of economy-class airfares, decline more

slowly than economy-class airfares in response to fuel cost decreases. Our results support consumer search as an

important determinant of price asymmetry in the US airline industry. To the best of our knowledge, we are the first to

use the difference between first-class and economy-class airfares to testwhether consumer search drives asymmetric

pricing.

The remainder of the paper is organized as follows: Section 2 reviews the related literature and develops our

hypotheses. Section 3 describes the methodology and data used. The empirical results are presented in Section 4 and

Section 5 discusses our conclusions.

2 RELATED LITERATURE AND HYPOTHESES DEVELOPMENT

Numerous studies have found that output prices respond faster to input price increases than to decreases. To gener-

alize, Peltzman (2000) employs large samples of diverse products—77 consumer and 165 producer goods—and finds

price asymmetry occurs as frequently in producer goods markets as in consumer goods markets. This pattern is also

known as “rockets and feathers” and has sometimes been used interchangeably with the term “asymmetric pricing”.

2.1 Tacit collusion hypotheses

Informalmodels of focal price tacit collusionwere initially offered as an explanation for price asymmetry. For example,

Borenstein, Cameron and Gilbert (1997) offered a stylized version of the tacit collusion model based on Green and

Porter (1984) as a motivation for price asymmetry: firms use the previous period’s price as a focal point for tacit col-

lusion. If costs drop then the previous period’s price is maintained until a firm cheats on the agreement and triggers

a price war. Conversely, if costs increase then the firms raise their price to maintain a positive margin, which is not

viewed as cheating on the collusive agreement. As a result, market prices adjust more slowly to cost decreases than

increases. Verlinda (2008) and Lewis (2011) both provide supporting empirical evidence.

Common ownership has been shown to be associated with increases in the likelihood of tacit collusion. For exam-

ple, Azar, Schmalz & Tecu (2018a, 2018b, 2018c) find that common ownership by institutional investors results in
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JIANG ET AL. 797

distorted competition in airline ticket prices. Azar, Raina, and Schmalz (2019) report similar findings for the bank-

ing industry. He andHuang (2017) show common ownership could facilitate product market collaboration. Pawliczek,

Skinner and Zechman (2019) show commonly owned firms use public disclosure to aid in coordinating andmonitoring

compliance with anti-competitive strategies. Levenstein and Suslow (2006) and Stigler (1964) find that communica-

tion can facilitate both coordinating anti-competitive behavior andmonitoring defection from the common strategy. If

competing firmswith commonowners have reduced incentive to temper collusive selling price behavior thenweposit:

Hypothesis (I): Price asymmetry effect is more pronounced in firms withmore overlapping sets of investors.

In general, the ability to maintain tacit collusion decreases as the number of firms entered in the agreement

increases. Market concentration measured by the Herfindahl-Hirschman Index (HHI) captures the number of firms

and their relative share within the market. We calculate HHI as the sum of squared market share of each firm com-

peting in the samemarket, wheremarket share is the percentage of each firm’s sales over total market sales.4 Kim and

Singal (1993) showa positive relationship between changes in concentration and changes in fares for the airline indus-

try. Azar, Schmalz & Tecu (2018a, 2018b, 2018c) also examine the airline industry and find HHI has a positive impact

on average fares. If asymmetric price adjustments are a consequence of tacit collusion, we posit:

Hypothesis (II): Airlines in high concentration markets will exhibit more price asymmetry than those in low concen-

trationmarkets.

2.2 Consumer search hypotheses

More recently, formalmodels of consumer search as an explanation for asymmetric pricing have been developed. Yang

and Ye (2008), Tappata (2009), and Lewis (2011) all show that consumer search can lead to equilibrium asymmetric

pricing if consumers aremore likely to search following a cost increase than a decrease.

In Yang and Ye (2008), the learning asymmetry between searchers and non-searchers is the main driving force of

asymmetric price adjustment. When there is a positive cost shock, firms are economically incentivized to reveal the

cost increase by raising prices. As a result, searchers infer that a price increase indicates an increase in input costs.

Consequently, searchers spend less time searching when they observe a price increase and the upward price adjust-

ment is completed quickly. On the other hand, when the input cost goes down, firms have no incentive to reveal the

cost decrease by lowering prices. Those non-searchers who observe the high price do not learn the true state of input

cost and remain as non-searchers,whereas only those non-searcherswhoobserve the lower input cost throughmeans

other than selling price reduction begin to search and become searchers. With the downward selling price pressure

applied by searchers, firms slowly adjust their prices downward. Asymmetric price adjustment thus arises naturally. In

Tappata (2009), price asymmetry emerges under persistent cost realization. If the current fuel cost is high, then con-

sumers expect it to remain high, so they search very little because they don’t expect much price dispersion. If it turns

out that the marginal fuel cost unexpectedly decreases, firms have little incentive to lower their price because their

consumers are not searching intensively. Conversely, if current fuel cost is low, consumers expect it to stay low and

will searchmore intensively because they expect high price dispersion.5

4 HHI approaches zerowhen amarket is occupied by a large number of firms of relatively equal size (i.e., a low concentrationmarket). TheHHI increases both

as the number of firms in themarket decreases and as the disparity in size between those firms increases (i.e., a high concentrationmarket).

5 TovalidateTappata’s assumption that price dispersion is higher in low-cost periods than in high-cost periods,wemeasureprice dispersionusing the standard

deviation of the air ticket price following Lewis (2011), and then split the sample into fuel cost increasing versus decreasing periods. The untabulated results

show that price dispersions in cost increasing and decreasing periods are 0.246 and 0.251, respectively, and the difference is significant at 1%. This confirms

that the price dispersion assumption is satisfied.
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798 JIANG ET AL.

Lewis (2011) develops a consumer searchmodel inwhich consumers formexpectations about the price distribution

based on a reference price, which is the average price level from the previous period. If input cost increases, firms are

economically incentivized to raise prices. Consumers’ expectation of the price (based on the previous period’s prices)

will tend to be low relative to the actual price, causing them to search more. Consumers quickly find out that a price

increase indicates an increase in input costs and stop searching. Consequently, the upward price adjustment is com-

pleted quickly. Conversely, when costs are falling, consumers’ expectation of the pricewill be high relative to the actual

price, therefore they tend tobe satisfied and search less. Firms thenonly have the incentive to lower prices just enough

to discourage consumers from searching, generating a slower downward price adjustment. As a result, asymmetric

pricing arises.

Among empirical studies, Hastings and Shapiro (2013) study the purchasing behavior of retail gasoline consumers

and find empirical evidence for a behavioral model wherein consumers are more price sensitive when prices increase.

Remer (2015) relies upon the differences in consumers who purchase regular versus premium gasoline to empirically

examine the sourcesof search-basedprice asymmetry.Hearguespurchasers of premiumgasolinehaveahigher search

cost than regular gas purchasers and shows premium gasoline prices fall more slowly than regular gasoline prices,

which supports consumer search as the underlying cause of asymmetric pricing.

Given that consumerswhopurchase first-class airline tickets generally earn higher incomes, are less price sensitive,

and possibly are less informed than consumerswho purchase economy-class, it is reasonable to assume that first-class

passengers are (i) typified by higher search cost, and (ii) less likely to be a “shopper” for the lowest possible price.6 The

models in Yang and Ye (2008) and Tappata (2009) both imply that if consumers of a product have higher search costs

then the pricewill fall more slowly. Lewis (2011) implies that if consumer expectations adaptmore slowly, which could

result from higher search costs, then prices will also decrease more slowly. An additional implication of Yang and Ye

(2008) is that if the proportion of “shoppers” decreases, prices will adjust downward more slowly in response to a

negative cost shock, but rise at the same rate following a cost increase.

Assumptions (i) and (ii) in conjunction with the results from search-based asymmetric pricing theory imply the fol-

lowing testable hypothesis:

Hypothesis (III): Firms will decrease first-class airfare more slowly than economy-class airfare when fuel cost

decreases and there is no difference between changes in first-class and economy-class airfares in

response to fuel cost increases.

3 METHODOLOGY AND DATA DESCRIPTION

3.1 Methodology

To test for the presence of asymmetric pricing of airline tickets responding to changes of jet fuel cost, we rely upon the

econometric model derived in Borenstein, Cameron and Gilbert (1997), which is further modified in Bachmeier and

Griffin (2003) and tested in Remer (2015). The model has become standard in the literature. It is an extension of the

error correctionmodel derived in Engle and Granger (1987). Themodel is specified as follows:

(Pir,t − Pir,t−1) = 𝛽0 + 𝛽+(Ci,t − Ci,t−1)+ + 𝛽−(Ci,t − Ci,t−1)− + 𝛽1Change in Seatst
+𝛾+(Pi,t−1 − Pi,t−2)+ + 𝛾−(Pir,t−1 − Pir,t−2)− + 𝜃+(Pi,t−1 − 𝜑1Ci,t−2 − 𝜑0)

+ + 𝜃−(Pi,t−1 − 𝜑1Ci,t−2 − 𝜑0) + 𝜀i,t.
(1)

where Pir,t is the average airline ticket price per mile flown in year quarter t for a given carrier i operating in market r,

andmarket is origin–destination airport pair regardless of direction;Ci,t is the total jet fuel cost normalized by revenue

6 Hwang and Lyu (2018), Moniter (2011) andMouawad (2011) show that first-class passengers are wealthy and less price sensitive.
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JIANG ET AL. 799

passenger-miles for carrier i during period ending at year quarter t. (Ci,t − Ci,t−1)+ takes the value of (Ci,t − Ci,t−1) if it

is positive, and zero otherwise; (Ci,t − Ci,t−1)− takes the value of (Ci,t − Ci,t−1) if it is negative, and zero otherwise. We

also included Change in Seats, measured by the quarterly change in the number of available seats in a given market in

year quarter t to control for change in capacity. FollowingAzar, Schmalz&Tecu (2018a, 2018b, 2018c), we also add the

logarithmof population and the logarithmof income per capita as additional control variables.Aircraft Load, defined as

revenue passenger-miles scaled by available passenger-miles, is also included as a control variable. Lagged ticket price

changes and the error correction termare analogously defined. Thus Equation (1) allows for positive and negative cost

changes to have a unique effect on current prices.

Themodel also implicitly assumes a long-run linear relationship between price and cost:

Pit,t = 𝜑0 + 𝜑1Ci,t + 𝜀i,t, (2)

Thereby (Pi,t−1 − 𝜑1Ci,t−2 − 𝜑0) in Equation (1) captures the extent to which prices and costs are out of their long-run

equilibrium. Consequently, Equation (1) separately identifies the effect on prices of short-run changes in cost and own

prices from the pressure for prices to return to their long-run relationship with cost. Equation (2) is first estimated

using OLS and the resulting parameter values are substituted into Equation (1). Equation (1) is then estimated with

operating carrier–market fixedeffects aswell as yearquarter fixedeffects. In general, if𝛽+ > 𝛽− thenprice asymmetry

exists.

3.2 Data

3.2.1 Oil and jet fuel price data

Prices of three types of oil (Brent, West Texas Intermediate (WTI), and Dubai) serve as benchmarks for other types of

crude oil and are obtained from US Energy Information Administration of the Department of Energy. It covers daily,

monthly, quarterly, and annual crude oil prices between 2001Q1 and 2016Q4. The prices of all three types of oil are

over 99% correlated with each other. WTI’s market is primarily in the United States, and we use WTI price as the

primary benchmark of crude oil prices. Jet fuel prices are also retrieved fromUS Energy Information Administration.

3.2.2 Airline transportation data

TranStats Database of the Bureau of Transportation Statistics (BTS) collects airline statistics, including fuel cost, rev-

enue passenger-miles, available passenger-miles and financial information at both the industry and firm level.

3.2.3 DB1B air ticket data

The primary source of airline ticket data is the Department of Transportation’s Airline Origin and Destination Survey

(DB1B) database, which is constructed by BTS. The DB1B is a quarterly, 10% random sample of domestic airline tick-

ets. There are three different subcomponents to the DB1B database, market data, coupon data, and ticket data, and

we combine variables from all three sources. Information in the DB1B includes itinerary fares, miles flown, endpoint

airports, passenger quantities, number of plane changes, fare class, number of seats available, and the identity of the

ticketing and operating carrier.We focus our empirical analysis on the time period between 2001Q1 and 2016Q4.

Following the standard in the literature on airline ticket pricing (Borenstein (1989), Berry (1990), Borenstein and

Rose (1994), Borenstein and Rose (1995), and Dennis, Gerardi and Schenone (2021)), we apply the DB1B filters to
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F IGURE 1 The relationship between crude oil prices (WTI) and jet fuel prices. This figure plots monthly jet fuel
prices per barrel versusWTI prices per barrel from January 2000 to December 2016 in current dollars. Price
information is obtained from the US Energy Information Administration of the Department of Energy

our sample as summarized below. For DB1B coupon data, we eliminate tickets withmore than two coupons;7 we then

eliminate one-way tickets with two coupons, thus retaining only nonstop flights. We also eliminate tickets for which

the ticketingoroperating carrier ismissing inoneormore couponsor ticketswithmultiple ticketing/operating carriers.

Ticketswhere the operating and ticketing carrier differ in one ormore coupons are removed.We also eliminate tickets

that include a surface segment.8 Tickets with non-reporting carriers or foreign carriers or involving coupons outside

the lower 48 contiguousUS States are removed. Charter and non-US airlines are excluded from our sample. For DB1B

ticket andmarket data, we eliminate tickets flagged as “not credible” or with fare values less than $20.9

3.2.4 Common ownership data

The data for institutional holdings comes from the Thomson-Reuters 13f institutional holdings dataset.

3.3 The relationship between crude oil prices and jet fuel prices

We start by exploring the relationship between WTI prices and jet fuel prices. Jet fuels are primarily derived from

crude oil; 1 gallon of crudemakes about 0.1 gallons of jet fuel, 0.4–0.5 gallons of gasoline, and 0.3 gallons of diesel and

other products.

Figure 1 plots monthly jet fuel prices per barrel versus WTI prices per barrel from January 2000 to December

2016 in current dollars. Jet fuel is approximately 20% more expensive than WTI and they are highly correlated (the

7 A coupon is a piece of paper indicating the itinerary of a passenger.

8 A surface segment is a part of the itinerary to which the plane does not travel.

9 Fare deemed “not credible” by the BTS means a questionable fare value based on credible limits. Fare values less than $20 are eliminated from our sample

as they are presumably key punch errors, or reporting of frequent flyer bonus trips, which is not done in any consistent way.
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JIANG ET AL. 801

TABLE 1 Summary statistics

Variables N Mean Std. Dev Median

Pir,t –Pir,t−1 187,399 0.0010 0.0679 0.0007

(Ci,t − Ci,t−1) 187,399 0.0002 0.0047 0.0007

HHI 187,399 0.8115 0.2314 0.9795

(Ci,t − Ci,t−1)
+ 187,399 0.0020 0.0025 0.0007

(Ci,t − Ci,t−1)
− 187,399 −0.0016 0.0031 0

Common institutional
holdings

148,783 0.4178 0.2336 0.4552

This table reports summary statistics of key variables. Pir,t is the average economy-class airline ticket price per mile flown in

year quarter t for a given carrier i operating in market r, market is origin–destination airport pair regardless of direction. Ci,t

is the total jet fuel cost normalized by revenue passenger-miles for carrier i during period ending at time t. (Ci,t − Ci,t−1)
+ takes

the value of (Ci,t − Ci,t−1) if it is positive, and zero otherwise; (Ci,t − Ci,t−1)
− takes the value of (Ci,t − Ci,t−1) if it is negative, and

zero otherwise. We calculate Herfindahl-Hirschman index (HHI) as the sum of squared market share at each year quarter.

Market share is the percentage of sales over total market sales, where market is origin–destination airport pair regardless of

direction.Common institutional holdings is the number of institutional investors reporting holdings in an airline company aswell

as on any of the “same-market” peers in the year, divided by the number of institutional investors holding the airline company’s

stock. The data are from Thomson-Reuters institutional holdings (i.e., 13F). Average airfare data source is the Department of

Transportation’s Airline Origin and Destination Survey (DB1B) database, which is constructed by the Bureau of Transporta-

tion Statistics (BTS). Quarterly fuel cost and revenue passenger-miles are collected from TranStats Database of the Bureau of

Transportation Statistics (BTS) between2001Q1and2016Q4. Tomitigate the influence of observationswith extremevalues,

we havewinsorized the variables at the 1% and 99% percentile level.

correlation coefficient is 98.4%).10 The prices of jet fuel andWTI have shown substantial fluctuations over our sample

period.

3.4 Summary statistics

Table 1 reports summary statistics of key variables. Pir,t is the average economy-class airline ticket price permile flown

in year quarter t . for a given carrier i operating inmarket r, andmarket is origin–destination airport pair regardless of

direction;Ci,t is the total jet fuel cost normalized by revenue passenger-miles for carrier in year quarter t. The industry

standard measure for air transportation sales volume, revenue passenger-miles, measures the distance a revenue-

generating passenger travels aboard an aircraft. Revenue passenger-miles is calculated as the product of the num-

ber of passengers and the distance flown in thousands. We normalize fuel cost by revenue passenger-miles (Cannon,

2014). (Ci,t − Ci,t−1)+ takes the value of (Ci,t − Ci,t−1) if it is positive, and zero otherwise; (Ci,t − Ci,t−1)− takes the value

of (Ci,t − Ci,t−1) if it is negative, and zero otherwise. We calculate the Herfindahl-Hirschman Index (HHI) as the sum

of squared market share at each year quarter. Market share is the percentage of sales over total market sales, where

market is origin–destination airport pair regardless of direction. Common institutional holdings is the number of insti-

tutional investors reporting holdings in an airline company as well as on any of the “same-market” peers in the year,

divided by the number of institutional investors holding the airline company’s stock.

10 Fuel hedging is a contractual tool airlines use to reduce their exposure to volatile fuel costs. Many carriers are citing fuel hedges for the lag in lowering

airfares.We test the correlation between US airline fuel cost and contemporary and laggedWTI prices. In untabulated results we find that airline fuel cost is

mostly correlatedwith onemonth laggedWTI price, the correlation coefficient is 97%. However, no significant differences are detectedwhenwe compare oil

price increasing versus oil price decreasing sub periods.
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802 JIANG ET AL.

TABLE 2 Asymmetric response of airline ticket prices to fuel cost changes

(1)

Variables Pir,t –Pir,t−1

(Ci,t − Ci,t−1)
+ 0.421***

(3.73)

(Ci,t − Ci,t−1)
− −0.025

(−0.30)

Change in Seatst −0.000***

(−2.85)

Population 0.012

(0.59)

Income 0.015*

(1.70)

Aircraft Load 0.022**

(2.33)

Observations 116,517

Adjusted R2 0.274

Market-carrier FE Yes

Year quarter FE Yes

This table presents regressions of the average ticket price changes on fuel cost changes, as well as various controls and fixed

effects. Pir,t is the average economy-class airline ticket price per mile flown in year quarter t for a given carrier i operating in
market r; Ci,t is the total jet fuel cost normalized by revenue passenger-miles for carrier i in year quarter t. (Ci,t − Ci,t−1)

+ takes

the value of (Ci,t − Ci,t−1) if it is positive, and zero otherwise; (Ci,t − Ci,t−1)
− takes the value of (Ci,t − Ci,t−1) if it is negative, and

zero otherwise. Change in Seatst is defined as the quarterly change in the number of available seats in a given market in year

quarter t. Population is the logarithm of the geometric mean of endpoint populations in millions. Income is the logarithm of

the geometric mean of endpoint incomes per capita in thousands. Aircraft Load is defined as revenue passenger-miles scaled

by available passenger-miles. Available passenger-miles is calculated as the product of the number of seats available and the

distance flown in thousands. Lagged ticket price changes and the error correction term are analogously defined and the coef-

ficients are suppressed for brevity. Average airfare data source is the Department of Transportation’s Airline Origin and Des-

tination Survey (DB1B) database, which is constructed by the Bureau of Transportation Statistics (BTS). Quarterly fuel cost is

collected from TranStats Database of the Bureau of Transportation Statistics (BTS) between 2001Q1 and 2016Q4. The spec-

ification includesmarket-carrier and year quarter fixed effects. Standard errors are clustered at market-carrier levels. T-stats

are provided in parentheses.

*** p< 0.01.

** p< 0.05.

* p< 0.10.

4 EMPIRICAL RESULTS

4.1 Asymmetric response of airline ticket price to fuel cost change

We establish the presence of asymmetric pricing in airline ticket prices in Table 2. In Column (1), we estimate Equa-

tion (1) and find that when fuel cost increases, the coefficient of fuel cost change is 0.421 and significant at 1% level,

which implies that fuel cost increase has a significantly positive effect on price adjustment. However, when fuel cost

decreases, the coefficient of fuel cost change is −0.025 and statistically insignificant, which indicates that a decrease

 15406288, 2022, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/fire.12293 by U

niversity O
f M

acau, W
iley O

nline L
ibrary on [30/11/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



JIANG ET AL. 803

in fuel cost does not have a significant impact on price adjustment. Economically, for every one dollar increase in fuel

cost per mile, airfare permile increases by 0.421, but remains essentially unchanged following a negative shock.11

Collectively, our baseline results show thatwhen fuel cost increases, airfares adjust upwards correspondingly; how-

ever, airfares do not reflect the decreases in fuel cost accordingly. Other coefficients are economically plausible. The

coefficients for being above or below the long-run equilibrium ticket price are both negative. This implies that when

ticket prices are above (below) their long-run equilibrium value, there exists downward (upward) pressure guiding

ticket prices towards their long-run equilibrium.

4.2 Tacit collusion and asymmetric pricing

In this section, we test if focal price tacit collusion can explain price asymmetry in the airline ticket prices.

4.2.1 Common ownership

Common ownership and price asymmetry

The ability tomaintain tacit collusion increases in commonownership.12 Wedelve deeper by examining commonover-

lapping sets of investors in airline firms and their peers in the same market. We use common institutional holdings to

measure common ownership. Following Cohen and Frazzini (2008) and Jiang, Qian, and Yao (2016), common institu-

tional holdings is defined as the number of institutional investors reporting holdings in an airline company as well as in

any of the “same-market” peers in the year, divided by the number of institutional investors holding the airline com-

pany’s stock. Common institutional holdings thus measures the fraction of all institutions owning the airline company

that also own its same-market peer companies. The idea behind this measure is that competing firms with common

institutional owners aremore likely to take coordinated actions (i.e., tacitly collude) if their institutional investors hold

both an airline and its peers in their portfolios as opposed to holding only one firm.13 Data on institutional ownership

are obtained from Thomson-Reuters institutional holdings (i.e., 13F).

If investors holding financial stakes in multiple airlines have less incentive to foster competition among those

airlines, we would expect the price asymmetry to increase with common ownerships in the airline industry

(Hypothesis (II)). To test this hypothesis, we interact common institutional holdings with fuel cost increase and

fuel cost decrease, respectively. The results are reported in Table 3.14 In Column (1), when common owner-

ship is measured with common institutional holdings, the coefficient of the interaction term between common

institutional holdings and fuel cost increase is 2.027, which is significant at 1% level. This implies that the in firms with

a higher degree of common institutional holdings, average airfares increase more in response to rising fuel cost than

in firms with a lower degree of overlapping institutional holdings. On the other hand, the coefficient of the interaction

11 We can further gauge the economic significance. According to Table 1, the mean value for cost increase is $0.2 per thousand passenger miles. We then

use mean-centered transformations of the control variables to update Table 2. Based on the unreported results, the average price increase is $0.092 (= $0.2

× 0.459) in response to an average cost increase. Therefore, the net loss is $0.108 (= $0.2 – $0.092) per thousand passenger miles when cost increases.

Conversely, when cost decreases, the coefficient of (Ci,t − Ci,t−1)
− is not statistically significant. It implies that prices do not change significantly when fuel

cost goes down. Thus, the gain due to fuel cost saving is $0.0016 per passenger mile, or $1.6 gain per thousand passenger miles. During our sample period

of 2001Q1 to 2016Q4, fuel cost is increasing in 56% and decreasing in 44% of the periods. As a net effect, firms have gained about $0.644 (= 1.6×0.44 –

0.108×0.56) per thousand passenger miles on average.

12 Collusion under common ownership is studied, for example, by Alley (1997), Azar (2012), and de Haas and Paha (2016). These authors show that common

ownership canmake sustained collusion easier depending on themode of competition and various other assumptions.

13 We acknowledge that ourmeasure is one out of a rich set of common ownershipmeasures used in the literature. Alternativemeasures can be found in, but

are not limited to, O’Brien and Salop (2000), Azar, Schmalz and Tecu (2018a, 2018b, 2018c) and Dennis, Gerardi and Schenone (2021).

14 Given that some of our variables have high correlations, we also test for multi-collinearity. According to collinearity diagnostics associated with our main

tests in Table 3, all variables show a variance inflation factor (VIF) of less than ten and a tolerance greater than 0.1, which pass themulti-collinearity test. The

general rule of thumb is a VIF less than ten or a tolerance greater than 0.1 (Allison, 2012).
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804 JIANG ET AL.

TABLE 3 Common ownership and asymmetric pricing

(1)

Variables Pir,t –Pir,t−1

Common Institutional Holdings × (Ci,t − Ci,t−1)
+ 2.027***

(3.04)

Common Institional Holdings × (Ci,t − Ci,t−1)
− 0.116

(0.18)

Common Institional Holdings 0.012***

(3.20)

(Ci,t − Ci,t−1)
+ −0.311

(−1.22)

(Ci,t − Ci,t−1)
− 0.206

(0.67)

Change in Seatst −0.000

(−1.40)

Population −0.052***

(−2.86)

Income 0.005

(0.66)

Aircraft Load 0.034***

(3.33)

Observations 63,560

Adjusted R2 0.212

Market-carrier FE Yes

Year quarter FE Yes

This table presents regressionsof the average ticket price changeson the interactionof common institutional holdings and fuel

cost changes, aswell as various controls and fixed effects.Common institutional holdings is the number of institutional investors

reportingholdings in anairline companyaswell asonanyof the “same-market” peers in theyear, dividedby thenumberof insti-

tutional investors with holdings in the airline company. The data are from Thomson-Reuters institutional holdings (i.e., 13F).

Pir,t is the average economy-class airline ticket price per mile flown in year quarter t for a given carrier i operating in market r;
Ci,t is the total jet fuel cost normalized by revenue passenger-miles for carrier i during period ending at time t. (Ci,t − Ci,t−1)

+

takes the value of (Ci,t − Ci,t−1) if it is positive, and zero otherwise; (Ci,t − Ci,t−1)
− takes the value of (Ci,t − Ci,t−1) if it is nega-

tive, and zero otherwise. Change in Seatst is defined as the quarterly change in the number of available seats in a givenmarket

in year quarter t. Population is the logarithm of the geometric mean of endpoint populations in millions. Income is the loga-

rithm of the geometric mean of endpoint incomes per capita in thousands.Aircraft Load is defined as revenue passenger-miles

scaledbyavailable passenger-miles. Lagged ticket price changes and theerror correction termare analogously definedand the

coefficients are suppressed for brevity. Average airfare data source is the Department of Transportation’s Airline Origin and

Destination Survey (DB1B) database. Quarterly fuel cost is collected from TranStats Database of the Bureau of Transporta-

tion Statistics (BTS) between 2001Q1 and 2016Q4. The specification includes market-carrier and year quarter fixed effects.

Standard errors are clustered at market-carrier levels. T-stats are provided in parentheses.

*** p< 0.01.

** p< 0.05.

* p< 0.10.
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JIANG ET AL. 805

term between common institutional holdings and fuel cost decrease is 0.116 (statistically insignificant), which implies

that the average airfares do notmove significantly in response to a decrease in fuel cost in firmswithmore overlapping

institutional holdings.15

These results indicate the price asymmetry is more pronounced in firms with more overlapping investors, which

is consistent with investors’ common ownership lacking the incentive to temper collusive selling price behavior. In

sum, our results support Hypothesis (I), suggesting common institutional ownership may be conducive to collusive

managerial behavior.

Endogeneity concerns in common ownership

The main methodological concern of the above results is the potential endogeneity issue of ownership structure.

A potential endogeneity concern can arise because institutional investors may choose to invest in certain airlines

whosemanagers aremore likely to collude if given the opportunity, which results in reserve causality (or simultaneity).

Another concern is that omitted variables, such as unobservable firm characteristics (e.g., firm culture, management

styles, etc.), correlated with both a firm’s cross-holding status and asymmetric pricing could make our ordinary least

squares (OLS) results spurious. To address these endogeneity concerns, we followHe andHuang (2017) by examining

the financial institutions merger as an exogenous shock to the cross-ownership of airlines to investigate whether the

price asymmetry effect persists.

As suggested by He and Huang (2017), financial institutions typically merge for reasons unrelated to the perfor-

mance and characteristics of individual firms in their portfolios.When there is amerger between two financial institu-

tions, each ofwhich owns a block in one of two same-industry rivals, a new common ownership linkage forms between

the two competitors post-merger. Hence, thesemergers between financial institutional investors provide an arguably

exogenous increase to the commonownershipof themerging institutions’ portfolios, and thusprovide a suitablequasi-

experimental setting for analyzing the causal effect of common ownership on price asymmetry in the airline industry.

Along this line, we extend the He and Huang (2017) framework to examine financial institution mergers and their

impact on price asymmetry.

We follow the procedure in He and Huang (2017) to construct our financial institution merger sample using Secu-

rities Data Company (SDC)Mergers and Acquisitions database.We identify treatment firms as those that are likely to

experience an increase in common ownership with rival firms in the airline industry due to institutionmergers. Specif-

ically, we require that (1) the firm be held by one of the merging institutions before the merger announcement date,

and (2) the other merging institution does not have holdings in the firm but has holdings in at least one of the airline’s

competitors before the merger. Firms satisfying these two conditions are classified as treatment firms because they

are likely to experience an increase in common ownership after a merger. The control sample, on the other hand, con-

sists of other firms in the same institution’s portfolios that are unlikely to experience such changes. Treat is an indicator

variable that equals one for treatment firms and zero for control firms. Post is an indicator variable that equals one for

the post-merger period and zero for the pre-merger period. In the regressions, we also include the interaction of Treat

and Post, and the interaction of Treat × Postwith fuel cost increase and fuel cost decrease measures. We expect that a

larger increase in common ownership induced by the merger will be associated with a greater price asymmetry effect

in the airline industry.

Table 4 reports these results. In Column (1), the estimated coefficient before Treat × Post is significantly positive,

suggesting that a greater increase in common ownership induced by themerger leads to a significantly positive effect

on price adjustment. The coefficient of the interaction termbetween Treat× Post and fuel cost increase is 0.346, which

15 We can also gauge the economic significance.We usemean-centered transformations of the control variables to update Table 3. Based on the unreported

results, the averageprice increase is $0.2030 (=$0.2 × 0.4178 × 2.429) in response toanaverage cost increase. Therefore, thenet gain is $0.0030 (=0.2030–

0.2) per thousand passenger miles when cost increases. On the other hand, when cost decreases, neither the coefficient of Common Institutional Holdings ×

(Ci,t − Ci,t−1)
−nor the coefficient of fuel cost decrease is statistically significant. It implies that prices do not change significantly when fuel cost goes down.

Thus, the gain due to fuel cost saving is $0.0016 per passenger mile, or $1.6 gain per thousand passenger miles. As discussed earlier, fuel cost is increasing in

56%and decreasing in 44%of the sample periods. As a net effect, firms have gained about $0.706 (= 1.6×0.44+ 0.0030× 0.56) per thousand passengermiles

on average.
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806 JIANG ET AL.

TABLE 4 Address endogeneity concerns in common ownership

(1)

Variables Pir,t –Pir,t−1

Treat × Post × (Ci,t − Ci,t−1)
+ 0.346*

(1.68)

Treat × Post × (Ci,t − Ci,t−1)
− 0.066

(0.14)

Treat × Post 0.001**

(2.17)

Treat 0.001

(0.77)

Post 0.000

(0.31)

(Ci,t − Ci,t−1)
+ 0.195

(0.80)

(Ci,t − Ci,t−1)
− 0.188

(1.07)

Change in Seatst −0.000***

(−2.85)

Population −0.096***

(−2.98)

Income 0.023**

(2.03)

Aircraft Load 0.000***

(3.82)

Treat × (Ci,t − Ci,t−1)
+ 0.256**

(2.07)

Treat × (Ci,t − Ci,t−1)
− −0.160

(−1.00)

Post × (Ci,t − Ci,t−1)
+ 0.271***

(3.65)

Post × (Ci,t − Ci,t−1)
− −0.108

(−1.03)

Adjusted R2 0.361

Market-carrier FE Yes

Year quarter FE Yes

(Continues)
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JIANG ET AL. 807

TABLE 4 (Continued)

This table addresses the endogeneity issue of the results presented in Table 3. We follow the procedure in He and Huang

(2017) to construct our financial institutionmerger sample using SDC’sMergers andAcquisitions database.We identify treat-

ment firms as those that are likely to experience an increase in common ownership with rival firms in the airline industry due

to the institution mergers; the control sample, consists of other firms in the same institution’s portfolio that are unlikely to

experience such changes. Treat is an indicator variable that equals one for treatment firms and zero for control firms. Post
is an indicator variable that equals one for the post-merger period and zero for the pre-merger period. Pir,t is the average

economy-class airline ticket price per mile flown in year quarter t for a given carrier i operating in market r; Ci,t is the total jet

fuel cost normalized by revenue passenger-miles for carrier i during period ending at time t. (Ci,t − Ci,t−1)
+ takes the value of

(Ci,t − Ci,t−1) if it is positive, and zero otherwise; (Ci,t − Ci,t−1)
− takes the value of (Ci,t − Ci,t−1) if it is negative, and zero other-

wise. Change in Seatst is defined as the quarterly change in the number of available seats in a given market in year quarter t.
Population is the logarithm of the geometric mean of endpoint populations in millions. Income is the logarithm of the geomet-

ric mean of endpoint incomes per capita in thousands. Aircraft Load is defined as revenue passenger-miles scaled by available

passenger-miles. Available passenger-miles is calculatedas theproduct of thenumberof seats available and thedistance flown

in thousands. Lagged ticket price changes and the error correction term are analogously defined and the coefficients are sup-

pressed for brevity. Average airfare data source is the Department of Transportation’s Airline Origin and Destination Survey

(DB1B) database, which is constructed by the Bureau of Transportation Statistics (BTS). Quarterly fuel cost is collected from

TranStatsDatabase of theBureau of Transportation Statistics (BTS) between2001Q1and2016Q4. The specification includes

market-carrier and year quarter fixed effects. Standard errors are clustered at market-carrier levels. T-stats are provided in

parentheses.

*** p< 0.01.

** p< 0.05.

* p< 0.10.

is significant at 10% level. This implies that average airfares increase more in response to fuel cost increase for the

treatment group relative to the controls in the post-merger period. Conversely, the coefficient of the interaction term

between Treat × Post and fuel cost decrease is 0.066 (statistically insignificant), which implies that average airfares

do not change significantly in response to fuel cost decrease for the treatment group relative to the controls in the

post-merger period. These results suggest that the price asymmetry effect is more pronounced in firms with more

overlapping institutional investors due to themerger, especially for the post-merger period.

4.2.2 Market concentration

The ability to maintain tacit collusion also increases with market concentration. We use the Herfindahl-Hirschman

Index (HHI) to measure market concentration. HHI is calculated as the sum of squared market share at each year-

quarter.Market share is thepercentageof sales over totalmarket sales,where themarket is theorigin–destination air-

port pair regardless of direction. Compared to low concentrationmarkets, highHHImarket players usually havemore

power in price determination.We expect pricing asymmetry to be more noticeable for high HHI markets than for low

HHI markets (Hypothesis (II)). To test this hypothesis, we interact HHI with fuel cost increase and fuel cost decrease,

respectively. The results are reported inColumn (1) of Table5. The coefficient of the interaction termbetweenHHI and

fuel cost increase is 0.493, which is significant at 5% level. This implies the average airfares increase more in response

to fuel cost increase in high concentration markets than in low concentration markets. On the other hand, the coef-

ficient of the interaction term between HHI and fuel cost decrease is 0.148 (statistically insignificant), which implies

that the average airfares do not change significantly in response to fuel cost decreases in high concentration markets.

Thus, the pricing asymmetry is more pronounced for high concentration markets than for low concentration markets.

Overall, the results here show that price asymmetry is more severe when market concentration is high and confirm

Hypothesis (II).
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808 JIANG ET AL.

TABLE 5 Market concentration and asymmetric pricing

(1)

Variables Pir,t –Pir,t−1

HHI × (Ci,t − Ci,t−1)
+ 0.493**

(1.99)

HHI × (Ci,t − Ci,t−1)
− 0.148

(0.70)

HHI 0.018***

(10.59)

(Ci,t − Ci,t−1)
+ 0.077

(0.39)

(Ci,t − Ci,t−1)
− 0.063*

(0.39)

Change in Seatst −0.000*

(−1.70)

Population 0.014

(1.52)

Income −0.002

(−1.57)

Aircraft Load 0.004

(0.58)

Observations 116,517

Adjusted R2 0.212

Market-carrier FE Yes

Year quarter FE Yes

This table presents regressions of the average ticket price changes on the interaction of theHerfindahl-Hirschman index (HHI)

and fuel cost changes, as well as various controls and fixed effects. We calculate HHI as the sum of squared market share

at each year-quarter, HHI =
N∑

i=1
(Market Sharei)2 , where Market Sharei is the market share of firm i in the market, and N is

the number of firms in the market. Market share is the percentage of sales over total market sales,Market sharei =
Salei

∑N
i=1 Salei

,

where Salei is sales of firm i. Market is origin–destination airport pair regardless of direction. Pir,t is the average economy-

class airline ticket price per mile flown in year quarter t for a given carrier i operating in market r; Ci,t is the total jet fuel cost

normalized by revenue passenger-miles for carrier i year quarter t. (Ci,t − Ci,t−1)
+ takes the value of (Ci,t − Ci,t−1) if it is positive,

and zero otherwise; (Ci,t − Ci,t−1)
− takes the value of (Ci,t − Ci,t−1) if it is negative, and zero otherwise.Change in Seatst is defined

as the quarterly change in the number of available seats in a given market in year quarter t. Population is the logarithm of

the geometric mean of endpoint populations in millions. Income is the logarithm of the geometric mean of endpoint incomes

per capita in thousands. Aircraft Load is defined as revenue passenger-miles scaled by available passenger-miles. Available

passenger-miles is calculated as the product of the number of seats available and the distance flown in thousands. Lagged

ticket price changes and the error correction term are analogously defined and the coefficients are suppressed for brevity.

Average airfare data source is the Department of Transportation’s Airline Origin and Destination Survey (DB1B) database,

which is constructed by theBureau of Transportation Statistics (BTS).Quarterly fuel cost is collected fromTranStats Database

of the Bureau of Transportation Statistics (BTS) between 2001Q1 and 2016Q4. The specification includesmarket-carrier and

year quarter fixed effects. Standard errors are clustered at market-carrier levels. T-stats are provided in parentheses.

*** p< 0.01.

** p< 0.05.

* p< 0.10.
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JIANG ET AL. 809

4.2.3 Excluding major airlines bankruptcies

For a robustness check, we aim to remove the impact of bankruptcies on our estimates. In Table A1, we exclude the

sample quarters in which one of the major airlines was in bankruptcy, leaving us with the periods 2001Q1−2002Q2,

2007Q2−2011Q3, and 2014Q1−2014Q4.16 Following Azar, Schmalz & Tecu (2018a, 2018b, 2018c), we classify as

major bankruptcy events the bankruptcies of United Airlines, Delta, American Airlines, US Airways, Northwest, and

Mesa Airlines. We rerun the tests in Tables 2, 3, and 5 using the non-bankruptcy sample quarters and the results are

presented in Table A1. The estimates are similar to those in the Tables 2, 3, and 5.17 Thus, we conclude that the asym-

metric pricing results are not driven by bankruptcies.

4.3 Consumer search and asymmetric pricing

To empirically examine if asymmetric pricing is the consequence of consumer search, we rely upon the differences in

consumers who purchase first-class versus those who purchase economy-class airline tickets. Consumers that pur-

chase first-class tickets generally earn higher incomes, are less price sensitive, and are possibly less informed than

consumers of economy-class. They therefore can be described as having a higher cost of price search than consumers

of economy-class airline tickets.

The results of estimating the Equation (1) using the average airfare markup of the first-class over the economy-

class airline tickets are reported in Table 6 Column (1). The most striking aspect is the distinct negative response to

a negative cost shock. The coefficient is −4.334 and significant at 1% level. This suggests that the gap between first-

class and economy-class airfare increases when fuel cost decreases; thereby, first-class prices fall more slowly than

economy-class prices following a decrease in fuel cost. To further investigate this issue, we focus on first-class airfares

and re-estimate Equation (1) considering only the first-class airfares. The results are reported in Table 7 Column (1).

We find that first-class airfares actually increase substantially during periodswhen fuel cost decreases (the coefficient

of fuel cost decrease is−4.105 and is significant at 1%). Combined with what we find in Table 2––that economy-class

airfares do not respond to fuel cost decreases—the gap between first-class and economy-class airfares widens in peri-

ods when fuel cost decreases as reported in Table 6.

By contrast, the response of the markup to a positive fuel cost change is not significantly different from zero. A

markup unaffected by positive cost changes implies that first-class and economy-class airfares increase at the same

rate. In sum, these estimates confirm Hypothesis (III) and support consumer search as the mechanism driving asym-

metric pricing.

Particularly noteworthy about our analysis is that a significant number of potentially omitted variables are differ-

enced out viamarket-carrier and year quarter fixed effects. Nevertheless, other factors that are potentially correlated

with price adjustment remain, for example, shifts in demand.Weexaminehowshifts in demandaffect price adjustment

when fuel cost decreases versus increases. When fuel cost decreases, a potential increase in discretionary income

might result in an increase in consumer demand, which could make consumers more willing to pay higher air ticket

prices. Consequently, airlines have little incentive to decrease price in this scenario. However, on the other hand, when

fuel cost goes up, a potential decrease in discretionary income would cut back consumer’s demand, which will cause

them to be less willing to pay higher air ticket prices. Airlines that keep this in mind should be very reluctant to raise

their prices for fear of losing their customers. Thus,while theeffects of fuel cost changeson consumerdemand through

discretionary incomemight reduce the magnitude of price change responses to fuel cost fluctuations, they would not

16 Table A1 is included in the online appendix which is available in the supportingmaterials section online.

17 In Panel A of Table A1, the coefficient of Population is positive and significant at 5% level, indicating Population is positively associated with airline ticket

price changes in the subsample excludingmajor bankruptcies. The coefficient of Income is negative and insignificant, indicating that Income is not significantly

associated with airline ticket price changes in the subsample excludingmajor bankruptcies.
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810 JIANG ET AL.

TABLE 6 Consumer search costs and asymmetric pricing

(1)

Variables Mir,t –Mir,t−1

(Ci,t − Ci,t−1)
+ 1.881

(1.52)

(Ci,t − Ci,t−1)
− − 4.334***

(−6.74)

Change in Seatst 0.000**

(2.44)

Population −0.011***

(−4.16)

Income 0.005***

(4.25)

Aircraft Load 0.944***

(3.73)

Observations 35,419

Adjusted R2 0.274

Market-carrier FE Yes

Year quarter FE Yes

This table presents regressions of the average airfare markup of the first-class over economy-class changes on fuel cost

changes, aswell as various controls and fixedeffects.Mir,t is the average airfaremarkuppermile flownof the first-class over the

economy-class in year quarter t for a given carrier i operating in market r; Ci,t is the total jet fuel cost normalized by revenue

passenger-miles for carrier i in year quarter t. (Ci,t − Ci,t−1)
+ takes the value of (Ci,t − Ci,t−1) if it is positive, and zero otherwise;

(Ci,t − Ci,t−1)
− takes the value of (Ci,t − Ci,t−1) if it is negative, and zero otherwise. Change in Seatst is defined as the quarterly

change in the number of available seats in a given market in year quarter t. Population is the logarithm of the geometric mean

of endpoint populations in millions. Income is the logarithm of the geometric mean of endpoint incomes per capita in thou-

sands. Aircraft Load is defined as revenue passenger-miles scaled by available passenger-miles. Available passenger-miles is

calculated as the product of the number of seats available and the distance flown in thousands. Lagged ticket price changes

and the error correction term are analogously defined and the coefficients are suppressed for brevity. Average airfare data

source is the Department of Transportation’s AirlineOrigin andDestination Survey (DB1B) database, which is constructed by

the Bureau of Transportation Statistics (BTS). Quarterly fuel cost is collected fromTranStats Database of the Bureau of Trans-

portation Statistics (BTS) between 2001Q1 and 2016Q4. The specification includes market-carrier and year quarter fixed

effects. Standard errors are clustered at market-carrier levels. T-stats are provided in parentheses. .

*** p< 0.01.

** p< 0.05.

* p< 0.10.

be expected to reduce asymmetry between price increases and decreases. Furthermore, when fuel cost decreases, an

increase in discretionary income will give rise to a greater proportion of non-searchers relative to searchers, which

will result in slower downward price adjustment (Yang & Ye, 2008). Therefore, shifts in discretionary income imply an

indirect mechanism throughwhich consumer search drives asymmetric pricing.

5 CONCLUSIONS AND DISCUSSIONS

We establish the presence of asymmetric airline ticket price adjustments to fuel cost changes in the US airline indus-

try using a comprehensive sample of all US airlines between 2001Q1 and 2016Q4.We find evidence that the average
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JIANG ET AL. 811

TABLE 7 Asymmetric pricing in first-class airline tickets

(1)

Variables Fir,t –Fir,t−1

(Ci,t − Ci,t−1)
+ 2.307***

(3.12)

(Ci,t − Ci,t−1)
− −4.105***

(−6.44)

Change in Seatst 0.000

(1.23)

Population −0.011***

(−3.45)

Income 0.013***

(4.21)

Aircraft Load 0.851***

(3.96)

Observations 35,914

Adjusted R2 0.278

Market-carrier FE Yes

Year quarter FE Yes

This table presents regressions of the average first-class airfare changes on fuel cost changes, as well as various controls and

fixed effects. Fir,t is the average first-class airfare per mile flown in year quarter t for a given carrier i operating in market r;
Ci,t is the total jet fuel cost normalized by revenue passenger-miles for carrier i during period ending at time t. (Ci,t − Ci,t−1)

+

takes the value of (Ci,t − Ci,t−1) if it is positive, and zero otherwise; (Ci,t − Ci,t−1)
− takes the value of (Ci,t − Ci,t−1) if it is nega-

tive, and zero otherwise. Change in Seatst is defined as the quarterly change in the number of available seats in a givenmarket

in year quarter t. Population is the logarithm of the geometric mean of endpoint populations in millions. Income is the loga-

rithm of the geometric mean of endpoint incomes per capita in thousands. Aircraft Load is defined as revenue passenger-miles

scaled by available passenger-miles. Available passenger-miles is calculated as the product of the number of seats available

and the distance flown in thousands. Lagged ticket price changes and the error correction term are analogously defined and

the coefficients are suppressed for brevity. Average airfare data source is the Department of Transportation’s Airline Origin

andDestination Survey (DB1B) database,which is constructedby theBureauof Transportation Statistics (BTS).Quarterly fuel

cost is collected fromTranStats Database of the Bureau of Transportation Statistics (BTS) between 2001Q1 and 2016Q4. The

specification includes market-carrier and year quarter fixed effects. Standard errors are clustered at market-carrier levels.

T-stats are provided in parentheses. .

*** p< 0.01,

** p< 0.05.

* p< 0.10.

airfares increase in response to rising fuel costs but do not decrease in response to falling fuel costs. Focal price tacit

collusion as a common explanation for asymmetric pricing predicts that airlines in highly concentrated markets will

exhibit more price asymmetries than those in low concentration markets. Our evidence supports this hypothesis. The

likelihood of collusion also increases in common ownership and we find that a greater degree of overlapping insti-

tutional investors is associated with a greater price asymmetry effect in the airline industry. To further address the

endogeneity concern, we perform a difference-in-differences test based on the quasi-natural experiment of financial

institution mergers to establish the causal effect of common ownership on price asymmetry. Further testing shows

that first-class airfares fall more slowly than economy-class airfares to fuel cost decreases, which supports consumer

search as an explanation for asymmetric pricing.
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812 JIANG ET AL.

Potentially fruitful areas for future research include the implications of price asymmetry for different aspects of

corporate performance and decisions. For instance, when exploring firms’ operating performance and corporate deci-

sions associated with asymmetric pricing, we find that firms that raise prices when fuel cost increases exhibit better

operating performance and financial status due to significant increases in revenue. The results also show when fuel

cost increases, firms that raise their prices do not make significantly different investment or dividend payment deci-

sions. However, when the cost of fuel decreases, firms that decrease their prices accordingly spendmore in long-term

investment and paymore dividends.18 We leave analyses of these related questions to future research.
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