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1. Introduction

The world airline industry is undergoing a major structural transformation in response to
increasing tradeliberalisation and air transport liberalisation and deregulation. During the
last few years, major airlines have been creating and strengthening their global service
networks in order to attract more traffic in the increasingly competitive international
markets. Although international air services have been substantially liberalised during the
last decade, it isimpossible for a carrier to set up an efficient traffic collection/distribution
system in a foreign territory or continent. Therefore, most major carriers are developing
their global service networks primarily through alliances with other airlines whose
networks are concentrated in other continents. Wherever allowed,! codesharing agree-
ments between the two carriers are used to enhance services and to create a marketing
advantage of on-line connecting services.
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1 In most countries, codesharing is allowed only between the two cities where the foreign carrier has its
operating authority. However, the US Department of Transportation (DOT) has recently allowed British
Airways (BA) and Lufthansa to operate codeshared flights to US cities where these carriers do not have
operating authority. In March 1993, US DOT granted a two-year temporary permit for BA to operate
codeshared flights with US Air linking three of US Air’s gateways (Baltimore, Philadelphia and Pittsburgh)
and 38 38 interior cities in the US (see DOT Order 94-3-31). Again, in January 1994, US DOT issued a one-
year permit for Lufthansa to operate codeshared flights with United Airlines between Chicago and 29 US
cities, between Washington DC and 6 US cities, and between San Francisco and 6 US cities (see DOT Order
94-1-19). Because of the open skies air treaty between the US and the Netherlands, KLM s allowed to operate
codeshared flights with Northwest to any US city.
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Codesharing is a marketing arrangement between two airlines whereby one airline’s
designator code is shown on flights operated by its partner airline. Two-letter designation
codes are provided by the International Civil Aviation Organisation (ICAO) to identify
the airlines on passenger tickets, computer reservation systems (CRS), airline guides and
airport information boards. Under a codesharing agreement the connecting flights being
operated by two separate airlines may be listed as being a “single carrier” service, which
gives substantial marketing advantages.?

Codesharing has become an essential tool for linking airline networks between trunk
and regional feeder carriers in the same continent (see Hadrovic, 1990, for an excellent
discussion on how Canadian and US trunk carriers have used codesharing arrangements
inorder to create feeder carrier networks in North America). Codesharing has also played
an important role in the competitive strategies of international airlines. In 1986, British
Island Airways and Air Florida established the first international codesharing arrange-
ment. By late 1989 at least 54 international routes were operated on a shared code basis
(Hadrovic, 1990). It has now become an essential tool for linking airline networks inter-
continentally between alliance partners. For example, British Airways/US Air, KLM/
Northwest and United/Lufthansa have succeeded in linking various European cities with
those in the US by codeshared flights operated through their respective hubs in the two
continents.

There are several important economic reasons for a codesharing operation involving
international routes. First, the two carriers together can offer a higher frequency service
to customers, and thus are able to expand their combined market share on the international
routes. Second, this link-up allows them to feed traffic between domestic and international
routes, and thus increase market shares in their respective domestic markets. These two
effects are magnified by extending the codesharing operations to/from spoke cities at both
ends of the two carriers’ networks.

Most passengers regard a codeshared connecting flight as on-line connection, and thus
prefer it to an inter-line connection flight. This is because a passenger originating from
(and/or destined to) a spoke city feels that a single carrier will take care of his/her entire
journey. Since codesharing arrangements operate in a broader context of carrier alliances,
customer services are enhanced by coordinating (arrival and departure) flight schedules,
locating the departure gate for connecting flights near the arrival gate, coordinating
baggage transfer, and so on. Therefore, service quality for codeshared connecting flights
could be as high as single carrier (on-line) connecting services if the two codesharing
partners collaborate well. Third, codeshared connecting flights are listed ahead of the
inter-line connecting flights in CRS and most other flight information sources. Oster Jr.
and Pickrell (1986) state that SO per cent of all flights are booked from the first flight

2 Forexample, Canadian Airlines International (CAI) and Qantas have a codesharing agreementinvolving

the Vancouver/Honolulu/Sydney route. CAl operates flights on the Vancouver/Honolulu section and Qantas
operates flights on the Honolulu/Sydney leg of the route. But the entire journey is listed as being a single carrier
service on passenger tickets, computer reservation systems, and airline guides. In addition, a codesharing
agreement allows the partners to coordinate their flight schedules and, therefore, enhance quality of service
through reduced connection time.
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itinerary displayed, and between 70 and 90 per cent of all flights are booked from the first
CRS screen. Naturally, airlines attempt to obtain the most advantageous position on the
CRS terminal screen, and the priority display of codesharing flights over the regular inter-
line connecting flights is one of the important advantages.

Although codesharing improves the quality of service by providing convenient
connection and increased frequency on international routes, it may reduce the number of
competitors and thus increase the market share of the combined carriers. Some people
argue that codesharing will increase air fares because it promotes collusive behaviour
between the two codesharing partners, as well as by increasing the combined market share
of the two firms. Others argue that codesharing between two non-leader carriers will
increase competition by strengthening the weaker competitors. Another group of people
think that codesharing will reduce prices by creating “artificial competition” between the
two codesharing partners, because codesharing agreements normally require one airline
to sell a block of seats on its partner’s flights. Since each firm joining in the codesharing
arrangement is now responsible for selling a block of seats on the other’s flights, the firm
may offer the unsold seats at very low prices inthe last few days before the flight departure.
Therefore, it appears to be an empirical question whether codesharing increases or reduces
air fares.

Many articles concerning the effects of carrier alliances (and, to a lesser extent, of
codesharing) have appeared in the popular press (newspapers, airline industry magazines,
and so on). However, we know of no studies that have systematically investigated the
effects of airline codesharing on firm conduct and air fares.?> The main purpose of this
paper is to fill the gap in the literature by investigating the effects of codesharing on firm
conduct and air fares in the context of oligopoly. The paper focuses on modelling the
oligopolistic interaction between airlines on a route in order to measure the impacts of
codesharing agreements between non-market leaders on the market leader’s price and
passenger volume. An analytical model of codesharing is developed and then applied to
a panel data of 57 transpacific air routes for the 1982-92 period.

Specifically, we investigate the following three questions. First, is there any “competi-
tive” or “collusive” effect of codesharing between non-market leaders on the market
leader’s pricing conduct? Second, will the leader gain or lose traffic as a result of
codesharing between non-leaders? If both the competitive and traffic-enhancing effects
exist, then clearly the market leader would supply more output. It is less clear, however,
whether the leader’s price would fall or not. The traffic-enhancing effect would be
expectedtoincrease theleader’s price, while the competitive effect wouldreduce its price.
This conflict between the two effects gives rise to our third question: will the equilibrium
price of the market leader increase or decrease following codesharing between non-
leaders?

3 After the first draft of this study had been completed, the US Department of Transportation released “A
Study of International Airline Code Sharing” by Gellman Research Associates, and the US General
Accounting Office released its repport “Airline Alliances Produce Benefits, but Effect on Competition is
Uncertain”. Neither of these studies investigated the effect of codesharing on a firm’s conduct.
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There are two types of codesharing: “parallel” and “complementary”. Parallel
codesharing refers to codesharing between two carriers operating on the same route. For
example, Air Canada and Korean Air codeshare their flights on the Vancouver/Seoul
route, mainly to offer a higher flight frequency to their customers than would be the case
without the codesharing. Complementary codesharing refers to the case where two
carriers link up with each other to provide connecting services for an origin-destination
city pair. Most of the transatlantic strategic alliance carriers have used complementary
codesharing arrangements extensively in order to link up their services beyond gateways
in the US and Europe. This includes the three major strategic alliances: British Airways/
US Air, KLM/Northwest and United/Lufthansa. During the sample period of this study,
there was virtually no parallel codesharing alliance in the transpacific markets. Therefore,
this study focuses on the effects of complementary codesharing only.

Our empirical results show that a complementary codesharing between non-leaders
makes the market leader behave more competitively (the competitive effect) while
increasing its demand (the traffic-enhancing effect). Both these effects are statistically
significant and, as expected, the leader’s equilibrium output rises in consequence.
Furthermore, the combined force of these two conflicting effects results in a reduced
equilibrium price for the market leader.

In the next section, the theoretical model is developed on the basis of a profit-
maximising assumption for all firms ina market. Section 3 describes the dataused. Section
4 presents the results. Finally, a summary and conclusions are provided in Section 5.

2. The Model

2.1 The theoretical structure

Consider a city-pair market in which » airlines operate through either a non-stop or a
connecting service. Let firm 1 be the airline which has the largest share of total passengers
travelling on the route non-stop. This firm will be referred to as the “market leader”, while
the other (n—1) firms will be referred to as “non-leaders”.

Assume that the passenger volume demanded for each airline is a function of its own
price, its competitors’ prices and other exogenous variables that affect the demand. Then
the demand function for firm 1 may be written as: ,

0=0(P, P, T;0) 1)
where Q is passenger volume for the market leader, Pisits price, P* is an (n—1) price vector
for the non-leaders, I"denotes the exogenous variables that affect theleader’s demand, and
o.is a parameter vector for equation (1). For the non-leaders, their demand functions may
be expressed using vector notations, as follows:

O* = O*(P, P*,T*; 0*) 2
where Q* is an (n—1) passenger-volume column vector for the non-leaders in the market,
I'* are all exogenous variables that affect non-leaders’ demands, and o* denotes
parameters for equation (2).

Equations (1) and (2) are n structural demand functions and may be used to solve for
the n prices (P and P*) as functions of outputs (that is, inverse demand curves). Writing
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the inverse demand function for firm 1 as P = P(Q, Q*, T'; o), we can write its profit
function as follows:

IT= Q<P(Q,0*,I";a) - C(Q,*)
where C(Q,*) denotes firm 1’s total cost. The first-order condition for maximisation of I'T
with respect to Q conditional on Q* is:

P+ + 3: aP BQ _9C_ 0
Similarly, the first-order conditions for the other (n—1) firms may be written, using vector
notations, as:
* 4 O a_P"i)T (w)fég_ _acx _
P o35 +(35) 36 3= @

where (*)7 denotes a transposed vector.

If output is the chosen variable, then at the Nash equilibrium dQ;*/0Q in (3) and 0Q/
d0Q* in (4) equal zero and hence, the terms in parentheses in equations (3) and (4) will
become dP/dQ and (dP*/0Q*)7, respectively, both of which are negative because of
downward-sloping demand curves. But the choice variable may not be output. If firms in
this market choose prices, it is well known that dQ;*/dQ and dQ/0Q* are not equal to zero
(in fact, they are negative). Also, if firms manage to collude tacitly and to maximise their
joint profits, the resulting “cartel” solutions will imply non-zero 0Q;*/0Q and dQ/0Q*.
Another possibility is that firm 1 is a Stackelberg leader firm which chooses output and
the remaining firms are Stackelberg followers. Then dQ/dQ ;* = 0 whereas dQ,*/0Q is the
slope of firm i’s “reaction function” which is obtained by solving equations (2) and (4)
(with dQ/0Q;* = 0) for Q;* as a function of Q.

Thus, outside the perfectly competitive model, firms do not have supply curves.
Instead, quantity- or price-setting conduct or other oligopoly behavioural modes follow
more general supply relations:

P-1rQ=MC(Q, W;B) 5)
P* —preQ* = MC*(Q*, W¥; B*) 6
Compared with (3) and (4), equations (5) and (6) are more general; the variables ¢ and *
are simply defined as (P-MC)/Q and (P*-MC*)/Q*; that is, the ratios of price-cost
markup to quantity, respectively. These two equations can be interpreted as the equality
between “perceived” marginal revenue and marginal cost for oligopoly models. The
extent of the perceived marginal revenue depends on the type of oligopoly models, with
t and r* indexing the degree of competitiveness (or collusiveness) of firm conduct. The
lower the level of ¢, the less the price-cost margin and hence the more competitive (or less
collusive) the firm’s conduct. Notice that a firm’s marginal cost depends on its own output
Q(Q%*), input prices W (W*), and parameters B(B*).

One way to measure the effect of a codesharing arrangement between non-leaders on
the market leader’s price and passenger volume is to estimate first-order conditions (5)-
(6) and structural demand equations (1)-(2) as a system of equations, with a codesharing
variable properly embedded into the system. This approach to econometric specification
of oligopoly interaction is within the general framework discussed in a survey paper by
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Bresnahan (1989).4 The procedure would require information about prices and passenger
volumes for the market leader and each of the (n—1) non-leaders. However, the data on
prices and passenger volumes for codesharing firms and for individual firms operating
connecting services are not available for this study.

Because of the data limitation, we need to impose more structure on our model. In
particular, we assume that firm 1 is a Stackelberg leader which takes into account the
supply responses of the remaining firms when choosing its profit-maximising output or
price.’ Consequently, the equilibrium price and passenger volume of the market leader can
be determined as the solution of its “supply” relation (5) and its “residual” demand
function. It is now possible to give a more specific expression to 7 of equation (5), and the
expression will vary, depending on whether firms choose price or quantity. Following
Baker and Bresnahan (1988), the residual demand the market leader faces is derived by
solving (2) and (6) for P* as a function of P, noting that in this system there are 2(n-1)
endogenous variables (P* and 0*) and the same number of equations. P* solved from (2)
and (6) can be written as:

P* = P¥(P, T, W*; o*, B*) @)
Substituting equation (7) into equation (1) yields the following equation:
Q= Q[P, P¥(P,T*, W*, a*, %), T; a] ®
which may be rewritten as
Q=R(P,T,T*, W*; a, o*, B*) )

Equation (9) is referred to as the market leader’s residual demand function. This
demand function is different from the leader’s structural demand function (1) because the
residual demand function takes the actions of non-leaders into account while the structural
demand function does not. Here the price P affects the leader’s demand through two
effects: the direct own-price effect on the structural demand, and the indirect effect of P
on the non-leaders’ price responses P*, which in turn affect the leader’s (structural)
demand. Consequently, the residual demand of the market leader depends not only on its
own variables or parameters (P, I', o) but also on the non-leaders’ variables or parameters
(T*, W*, a*, B*).

As indicated above, the equilibrium price and passenger volume of the market leader
are assumed to be determined by its supply relation (5) and its residual demand equation
(9). These two equations are structural form equations since price (P) and passenger
volume demanded (Q) influence each other, and are endogenously determined by
exogenous variables such as I', I'*, W and W*. Thus, one should estimate these two
equations as a system of simultaneous equations. For simplicity, the terms “residual
demand” and “demand” are used interchangeably throughout this paper. It is noteworthy
that the joint estimation of this demand-supply system does not require any information
about non-leaders’ prices and passenger volumes.

4 Foranapplication of this approach to estimationof oligopoly conduct in airline markets, see Oum, Zhang
and Zhang (1993).

5 This assumption seems reasonable given that, inour data, firm 1 typically is the dominant carrierin acity-
pair market. As can be seen from Table 2, the market leader has on average a 56.4 per cent market share on
the non-stop route, while the number of connecting passengers is normally far fewer than non-stop passengers.
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2.2 Econometric operationalisation of the model

(a) Demand equation
In order to carry out an empirical analysis, the models in (5) and (9) must be given specific
functional forms. We specify the leader’s residual demand function (9) as follows:®

0 =ay+ a,P + a,F + a;NF + a;NW + asFEED + a4CS + ¢, (10)
where F is the number of non-stop flights served by the market leader on the route, NF is
the total number of non-stop flights provided by other carriers on the route, NWis an input
price index of the non-leaders, FEED is adummy variable indicating that one or more non-
leader carriers use their feeder carriers in order to provide connecting services on the
route,” CSis adummy variable which equals one for complementary codesharing between
non-leader carriers and zero otherwise, a;s are unknown parameters to be estimated, and
€,is arandom error term. F is included because it affects the leader’s demand through T,
and similarly NF is included because it affects the leader’s demand through I'*,
Codesharing between non-leaders is expected to shift the market leader’s demand
function upward or downward. It should be noted that FEED and CS could affect the
leader’s residual demand through either I" or I'* or both.

(b) Supply relation

To operationalise the supply relation (5), we need to specify both the conduct term () and
marginal cost (MC). Consider marginal cost first. The cost per passenger depends on the
number of passengers and input price. Given the nature of our pooled cross-section and
time-series data, it would also depend on the state of technology of the year and the nature
of the route such as distance and route group membership (Asia/North America, Asia/
Oceania and North America/Oceania). Specifically, the marginal cost is expressed as
follows:

MC:b0+b1Q+b2W+b3D+i=}:d,-YR,-+'_=j:1e,.RG,--H;1 (11)

where W is an input cost index of the leader, D is distance between the two cities, YR;s are
year dummy variables, RG;s are route group dummy variables, b;s, d;s and ¢;s are unknown
coefficients, and €, is a random error term.?

6 The linear functional form is chosen in order to derive computationally feasible reduced form equations

for the leader’s price and traffic volume, which are necessary to determine the equilibrium price and traffic
volume in a simulation exercise conducted later in the paper. When we experimented with log-L;inear
specifications of demand and supply relation, the signs of the coefficients and their statistical significance
were found to be very similar to those of the linear specifications employed here. These results are available
on request.

7 There are routes where the non-leader provides one-stop flights, one segment of which is served by its
feeder carrier. Since such a major feeder connecting service poses less threat to the leader’s non-stop service,
the leaderis likely to attract more passengers, or behave less competitively, than it would on the routes where
amajor non-leader carrier provides a direct or one-stop service. In order toreflect these effects on the leader’s
residual demand and supply relation, the dummy variable (FEED) is included in equations (10) and (12).
8  Wald’s asymptotic Chi-square statistic was used to test whether there are differences in the model over
time and/or between the three route groups. The testresults were overwhelmingly in favourof including these
dummy variables. The year 1982 and North America/Oceania route group were used as the reference points.

193



May 1996 Journal of Transport Economics and Policy

Next, it is necessary to specify the conduct term ¢. This term in general depends on
market structure as well as other firms’ exogenous variables, which vary from route to
route. Since the number of competing airlines in the non-stop market (COM), the leader’s
market share in the non-stop market (MS), the presence of connecting services between
a carrier and its subsidiary (FEED), and the presence of codesharing (CS) are likely to
influence the leader’s conduct, ¢ is specified as follows:

t=cy+c;COM + c,;MS + ¢;FEED +¢,CS + ¢, (12)
where ¢;s are unknown coefficients and €, is a random error. The first three variables are
intended to capture the extent of competition and of concentration in the market,!% while
the CS variable captures the effect of codesharing on the competitiveness (or collusiveness)
of the market.

Finally, substituting the MC expression in (11) and the ¢ function in (12) into the
leader’s supply relation in (5) and rearranging the terms yields the following form of
leader’s supply relation.!!

P= h) + (b1+c0 )Q + ZW + b3D + C1C0M'Q + CzMS'Q
+ C3FEED’Q + C4CS'Q + 2 d,'YR" + t-j:l e;RGi + &

where & represents the random error term in the supply relation. Equation (13) is the
market leader’s supply relation, which will be estimated jointly with its residual demand
(10).

(13)

3. The Data
The passenger volume data were taken from Traffic by Flight Stage published by the
International Civil Aviation Organisation (ICAO). This document lists the scheduled
passenger volumes and flight frequency by airlines for non-stop international routes. The
major omission in this data source is the passengers and carriers in the connecting market.
Initially, 64 transpacific international air routes were considered for the analysis on which
the largest carrier has at least 20 per cent of the non-stop market share. However, seven
routes were eliminated because of the unreliable flight frequency data reported in Traffic
by Flight Stage. (For the seven routes deleted from our data set, the number of flights
reported was less than 20 a year.) As aresult, 57 transpacific routes were included in our
data set. Our data consist of 30 North America/East Asia routes, 24 East Asia/Oceania
routes, and 3 North America/Oceania routes, involving 7 North American, 7 East Asian
and 4 Oceanian origin and destination cities. The annual data were collected for the 1982-

9  Wehave also tested the leader’s flight frequency share as a proxy for MS. The results remain essentially

the same.

10 Ap alternative predictor of t may be the Herfindahl index. This requires information on market shares for
all the individual non-leaders which is not available for this study.

11 Previous studies of airline pricing estimate mark-up equations using a multiplicative functional form (see,
for instance, Graham, Kaplan and Sibley, 1983; and Borenstein, 1989). Since “seQ” in equation (5) is the
difference between “perceived” marginal revenue and marginal cost, it can be regarded as a mark-up.
Expressing the mark-up term as a multiplicative functional form generates multi-implicative terms in (13).
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Table 1
List of Routes Included in the Sample
Origin Destination Origin Destination

1 Auckland Singapore 30 San Francisco Hong Kong

2 Bangkok Melbourne 31 San Francisco Tokyo

3 Brisbane Hong Kong 32 Seattle Hong Kong

4 Brisbane Honolulu 33 Seattle Seoul

5  Brisbane Manila 34 Seattle Tokyo

6 Brisbane Singapore 35 Seoul Honolulu

7 Brisbane Tokyo 36 Seoul Los Angeles

8 Chicago Tokyo 37 Seoul Seattle

9 Hong Kong Brisbane 38 Singapore Auckland
10 Hong Kong Melbourne 39 °©  Singapore Brisbane
11 Hong Kong San Francisco 40 Singapore Melbourne
12 Hong Kong Seattle 41 Singapore Sydney
13 Hong Kong Sydney 42 Sydney Hong Kong
14 Hong Kong Vancouver 43 Sydney Honolulu
15 Honolulu Manila 44 Sydney Manila
16 Honolulu Osaka 45 Sydney Singapore
17 Honolulu Seoul 46 Sydney Tokyo
18 Honolulu Sydney 47 Tokyo Brisbane
19 Honolulu Tokyo 48 Tokyo Chicago
20 Los Angeles Seoul 49 Tokyo Honolulu
21 Los Angeles Tokyo 50 Tokyo Los Angeles
22 Manila Brisbane 51 Tokyo New York
23 Manila Honolulu 52 Tokyo San Francisco
24 Manila Sydney 53 Tokyo Seattle
25 Melbourne Bangkok 54 Tokyo Sydney
26 Melbourne Hong Kong 55 Vancouver Tokyo
27 Melbourne Singapore 56 Vancouver Hong Kong
28 New York Tokyo 57 Vancouver Tokyo
29 Osaka Honolulu

92 period. Since the model was developed under the assumption that two or more
competitors existed onaroute, the observations (route and year combination) with a single
monopoly carrier were also excluded from our data set. As a result, the total number of
observations used for econometric implementation is 471 data points, spanning 57 routes
for the 1982-92 period. Table 1 lists the routes in the data while Table 2 gives descriptive
statistics for the variables in the data.
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Table 2
Descriptive Statistics for the 57 Transpacific Routes, 1982-92
Variable Mean Standard Maximum Minimum
Deviation
Price (US$) 1,063 334 2,289 527
Passenger volume (annual) 92,017 71,223 412,610 6,386
Route distance (km) 1,776 1,452 11,106 5,799
Leader’s non-stop flight
frequency (annual) 356 262 1,441 31
Non-leaders’ non-stop flight
frequency (annual) 414 458 2,500 10
Competition (number of firms
providing non-stop service) 348 1.89 11 2

Leader’s market share in
the non-stop market 56.4% 16.7% 99% 21.3%

The marketleader’s published prices on eachroute were gathered from Official Airline
Guide (OAG): Desktop Flight Guide (Worldwide Edition). Since this publication reports
air fares of some airlines in the home currency of the airline’s registry, the official
exchange rates were used to convert them into US dollars. The prices chosen are the lowest
unrestricted fares available in the month of June. We recognise potential problems inusing
the published prices instead of the actual fares paid by passengers (average yield per
passenger). Unfortunately, the route-specific data on average yields are not available. In
the transpacific markets, however, the unrestricted lowest fares are similar to the discount
fares widely used in North American markets because Asian carriers have not practised
yield management using dynamic seat inventory allocation methods. During our sample
period, most transpacific passengers used the unrestricted lowest fares.

As for the carrier input prices, the unit cost indices per aggregate output for major
international airlines calculated by Oum and Yu (1995) are used for this study. Oum and
Yu (1995) calculated the unit cost index for the world’s major airlines using a panel data
involving 37 airlines for the 1980-92 period. In order to make the unit cost indices
comparable across airlines and over time, these indices have been adjusted by statistically
removing the effects of differences in average stage length and composition of outputs
(shares of freight and mail service, non-scheduled service and non-airline business called
“incidental business’).
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Airlines that share their flight codes on a particular route are identified by the symbol
% in the OAG Desktop Flight Guide. In fact, an airline flight code accompanied by the
symbol % shows that the flights are being operated by another carrier on behalf of the
carrier whose code is shown on the flight line.!2

The data on the leader’s market share, flight frequencies of the leader and non-leader
carriers, route distance and the number of competitors on a route were compiled from the
ICAQ’s Traffic by Flight Stage.

4. Empirical Results

The model, consisting of demand equation (10) and supply relation (13), was estimated
using Non-linear Three-Stage Least Squares (N3SLS). The model is not a system of linear
equations because there are two endogenous variables, P and Q, which influence each
other, and equation (13) includes three multiplicative terms involving Q. Substitution of
(10) into (13) makes supply relation (13) non-linear in parameters. Since the N3SLS
method requires reasonable starting values in order to obtain “global’ estimates, the one-
step Zellner parameter estimates obtained from the linearised versions of equations (10)
and (13) were used as starting values (Gallant, 1987; Judge et al., 1985).

4.1 Effects of variables in the supply relation

As shown in the supply relation reported in Table 3, the route distance variable has a
significant positive coefficient (an incremental price of 8.8 cents per kilometre). The
coefficient for the competition multiplied by passenger volume (COM+Q) is negative and
significant (-0.00023).

The yearly dummy variables together (YR;s) have significant positive coefficients
whose values increase over time for most years, indicating that market leaders’ marginal
costs in transpacific routes have increased for most of the years during the 1982-92 period.
The leader’s input price variable (W) is statistically insignificant. The presence of yearly
dummy variables may have caused statistical insignificance of the leader’s input price
variable in the same equation. The coefficients of the route group dummy variables (RG;s)
are statistically significant. The coefficients of East Asia/North America routes and East
Asia/Oceaniaroutes are —406 and —217 respectively. These show that, on average, market
leaders’ marginal costs on East Asia/North Americaroutes and East Asia/Oceania routes
are cheaper than those of North America/Oceania routes by about $407 and $217,
respectively, after taking into account the effects of differential route distance and other
factors included in the model.

The sign of the coefficient of passenger volume (Q) is positive (0.00419) and highly
significant, suggesting that the marketleader’s supply relation curve is positively sloped.
The coefficient of codesharing (in fact, CS*Q) is —0.00085 with a r-ratio of —2.4. This
implies that codesharing between non-leaders causes the slope of the leader’s supply

12 The codesharing directory, U.S.-Foreign Carrier Codesharing Arrangements, obtained from the US
Department of Transportation (31 May 1994) was also used to clarify codesharing cases involving transpacific
routes to/from the US points.
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Table 3
Estimates of the Econometric Model

Variable Coefficient t-ratio

Supply Relation
Constant 44041 3.866
Passenger volume 0.00419 4.566
Leader’s input price -24.991 -0.346
Route distance 0.08838 8.183
(Competition)*(Volume) —-0.00023 -2.609
(Market Share)*(Volume) -0.00569 —4.919
(FEED)*(Volume) 0.00236 2.982
(Codesharing)*(Volume) -0.00085 -2.362
Year 1983 69.606 1.163
Year 1984 33.095 0.549
Year 1985 84.030 1.392
Year 1986 148.900 2.583
Year 1987 125.040 2.211
Year 1988 202.940 3.651
Year 1989 180.840 3.252
Year 1990 235.560 4.147
Year 1991 ~ 497.160 8.596
Year 1992 478.030 8.057
Asia/America -406.730 -7.565
Asia/Oceania -217.180 -4.221

Demand Equation
Constant 28095.0 6.545
Price -25.986 -6.712
Leader’s flight frequency 237.70 48.607
Non-leaders’ flight frequency 16.15 5.604
Non-leaders’ input price -1952.50 -0.389
FEED 1351.60 0.393
Codesharing 7489.80 2.189

relation curve to change. More specifically, the slope of the supply relation curve is
0.00419 in the absence of codesharing while it decreases to 0.00334 when codesharing
occurs. In other words, codesharing between non-leaders rotates the leader’s supply
relation curve in a clockwise direction (see Figure 1 for a graphical illustration). This
implies that the leader’s pricing conduct becomes more competitive in the presence of
codesharing between non-leaders.
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Price (P)
Demand Curve
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Demand Curve
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Supply relation
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Supply relation
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Q& Q Passenger Volume (Q)

Figure 1
Effects of Codesharing Between Non-leaders on Leader’s P and Q

4.2 The effects of variables in the residual demand equation
The coefficient of price (P), —26, reported in Table 3, implies that a dollar increase in a
market leader’s air fare is estimated to reduce its residual demand by about 26 people a
year, some of whom may divert to other airlines. The positive and highly significant
coefficient of the leader’s flight frequency (F) shows that an increase in frequency would
increase demand by reducing passengers’ delay. The coefficient of a non-leader’s
frequency (NF) is positive and statistically significant, whereas the coefficient of a non-
leader’s input prices (VW) is negative and is not statistically significant.

The coefficient of CS is estimated at 7,490 and is statistically significant, implying that
codesharing between non-leaders would shift the market leader’s residual demand curve
upward. This result first appears unreasonable. However, this traffic-enhancing effect is
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likely to exist for the following reasons. First, codesharing between two non-leaders often
leads to the replacement of an existing single carrier service (at times non-stop services)
by the codeshared connecting services. In such a situation, codesharing between non-
leaders would clearly shift the leader’s demand upward because the codeshared connect-
ing service is less attractive than the single carrier service that previously existed. In the
typical case of a codesharing arrangement in our data, the codeshared connecting service
replaces one or two single-carrier services, resulting in a reduction of the service quality
that existed prior to the codesharing arrangement. For example, Cathay Pacific dropped
its service on the Vancouver/San Francisco leg of its Hong Kong/Vancouver/San
Francisco service after launching a codesharing service with American Airlines onthe US
section of the Hong Kong/Los Angeles/San Francisco route. Second, for the case where
codesharing does not replace a single carrier service but improves services by replacing
interline services, the service improvement may increase prices as the improved services
are capitalised. This would in turn increase demand for the market leader as a secondary
effect.

4.3 The effects of codesharing on the leader’s price and passenger volume
Since codesharing raises the leader’s demand curve and lowers the supply relation curve,
it is not clear whether the leader’s equilibrium price will increase or decrease, although
the leader’s equilibrium passenger volume is certain to increase.

In order to measure the effects of codesharing on the market leader’s price and quantity
numerically, the following reduced-form equations for leader’s price and passenger
volume are derived from equations (10) and (13):

P=CQ+B,0Q0=(aB+A)(1-a,C) (14)
where

A =ay + a,F + a;NF + a,NW + asFEED + a4CS,

B=by+ b,W+ b3D + Zd;YR; + Ze,RG;, and

C=(b; +cy) +c,COM + c;MS + c;FEED + ¢,CS.

Note that, after the estimated coefficients of the model are inserted into the above P and
Q equations, the leader’s equilibrium price and quantity in equation (14) are expressed as
functions of the exogenous variables only.

Equation (14) is used to measure the change in the leader’s equilibrium prices and
passenger volumes with and without a codesharing arrangement. Let us define P (1,X) and
Q (1,X) as the leader’s price and passenger volume which prevail under the codesharing
situation, and P (0,X) and Q (0,X) as those in the absence of codesharing. ¥ denotes the
set of all other variables except the codesharing variable under consideration. AP = P(1,X)
- P(0,X) and AQ = Q(1,X) — Q(0,X) are calculated for each route and each year. Table 4
reports summary statistics of sample mean, standard deviation, minimum and maximum
of AP and AQ. Since mean values for AP and AQ are estimated as —83 and 10,052
respectively, codesharing between non-leaders is expected to decrease the leader’s
equilibrium price by $83 per passenger and increase theleader’s annual passenger volume
by 10,052 persons.
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Table 4
Changes in the Leader’s Equilibrium Price and Passenger Volume
(with and without codesharing)

Statistic Mean Standard Maximum Minimum
Deviation Observation Observation
AP -83.2 58.27 7.0 -318.6
AQ 10052.0 1522.10 16081.0 7584.5
4. Concluding Remarks

In this paper, a model based on the profit-maximising behaviour of » firms in the market
has been developed and applied to a panel data of 57 transpacific air routes for the 1982-
92 period. The model has been used to measure the effect of a codesharing agreement
between non-leaders on the market leader’s equilibrium price and passenger volume.

Derivation of the model has been based essentially on a leader-follower model in
oligopoly where the leader makes price/output decisions taking account of the followers’
equilibrium supply responses. This allows us to specify and estimate theoretically the
leader’s residual demand and its supply relation as a system of simultaneous equations
using a non-linear three-stage least squares method. The estimated model has been used
to measure the effects of codesharing between non-leader airlines on the leader’s price and
passenger volume.

To our knowledge this study constitutes the first systematic and econometric investi-
gation into the airline codesharing agreement, which is becoming the major means by
which airlines in different continents link their service networks. The methodology
developed for this study is an improvement over previous studies. Since our model is
derived from the profit-maximising behaviour of the leader and followers, it allows us to
predicttheleader’sbehaviour inarealistic oligopoly setting. It also allows us to conjecture
a priori the signs of the coefficients of various variables. Consistency is maintained
between the derived model and the econometrically estimated model. In addition, this
study treats endogenous variables (price and passenger volume) formally in a simultane-
ous equations framework involving non-linear specifications.

It has been found that “complementary” codesharing between non-leaders rotates the
market leader’s supply relation curve clockwise (that is, it makes the leader behave more
competitively), and moves its residual demand curve upward. As a result, a codesharing
agreement increases the annual equilibrium quantity of the market leader by 10,052
passengers, while reducing the leader’s equilibrium price by about $83 per passenger.

Data limitations have restricted the investigation to the effects of codesharing between
non-leaders on the leader’s price and volume only. When sufficient data become
available, it would be natural to extend this study to include the effects of codesharing on
all carriers including codesharing partners, not just the effect on a leader.
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