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This paper analyzes the economic effects resulting from the hub-airport competition and the

corresponding airline competition between the home country and the neighboring country.

Comparing the equilibrium of a Monopoly-hub network where the connecting passengers

only have the home country’s via-hub routing choice with the equilibrium of an Infer-hub

network where the passengers can choose the home country’s or the neighboring country’s

via-hub routing, it is found that the competition increases the consumer surplus of the

connecting passengers and improves the home country’s social welfare if and only if the

home country’s hub-airport competes with the neighboring country’s hub-airport while

respecting the welfare of the passengers sufficiently well.

1 Introduction

After the airline deregulation, air car-
riers transform their networks into the
hub-spoke type for cost-saving and strate-
gic reasons!. At present, most airlines
have adopted a hub-spoke type network
(see Spiller (1989), Zhang and Wei (1993),
Oum et al. (1995) and Zhang (1996) among
many others). In a simple network linking
one hub-airport and two spoke-airports,
the hub-airport is in a monopoly position.
But due to the development of the airlines
networking, another hub-airport linking
these two spoke-airports becomes possible.
In this case, the hub-airport actually com-
petes against the potential hub-airport in
the connecting flight market. With the
dramatic growth of hub-spoke networks,

hub-airport competition becomes more

likely in many areas in the world®.

However, the theoretical literature on
the hub-airport competition is sparse®. It
seems to be an interesting question whether
the home country should connect its own
spoke-airport with the neighboring coun-
try’s (potential) hub-airport to promote
competition. Would promoting the compe-
tition with the neighboring country’s hub-
airport benefit the home country’s connect-
ing passengers ? Moreover, would the com-
petition improve the home country’s wel-
fare? In this article, two simple hub-spoke
network models are constructed to investi-
gate the economic effects resulting from
the hub-airport competition and the corre-
sponding airline competition.

First, let us think of the Monopoly-hub
network linking two cities located in Japan

(e.g. Sapporo and Osaka) and one destina-
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tion city located in one foreign country.
One monopoly airline (e.g. Japan Airlines)
operates this hub-spoke network using
Osaka as its hub. The passengers traveling
from Sapporo to the foreign city have only
one routing choice, ie., flying through the
home country’s hub. Second, the Infer-hub
network will be constructed. Suppose that
there is another city (e.g. Seoul), with
Korean Airlines operating the flight
between Seoul and the above destination
city. If, under the bilateral agreements
with the home country, Korean Airlines is
allowed to fly between Seoul and Sapporo,
the connecting passengers will have an
alternative routing choice, i.e. flying
through the neighboring country’s hub. In
this situation, the home country’s hub-air-
port actually competes with the neighbor-
ing country’s (potential) hub-airport, and
Japan Airlines inevitably competes with
Korean Airlines in the connecting market®.

In this paper, it is assumed that each
hub-airport is owned and operated by the
public sector (say the government)®. In
the Monopoly-hub network, the home
country’s hub-airport chooses the airport
charge to the passengers and the landing-
taking-off fee to the airline to maximize
its social welfare (which is defined by the
sum of the profits of the airline and the
consumer surplus of the connecting passen-
gers) in stage 1. Given the airport charge
and the landing-taking-off fee of the hub-
airport, the airline with the home country’s

national flag chooses the fare to maximize

its own profits in stage 2.

In the Inter-hub network, each hub-
airport chooses simultaneously its airport
charge and its landing-taking-off fee to
maximize its own social welfare in the hub-
airport competition stage (stage 1). Given
both airports’ charges and the landing-tak-
ing-off fees, each airline selects simultane-
ously its fare to maximize its own profits
in the airline competition stage (stage 2).
It is assumed that the neighboring country’
s hub-airport has no concern about the
consumer surplus of the passengers
originating from the home country’s city,
while the home country’s hub-airport may
have wide consideration about the con-
sumer surplus since the demands emerged
from the home country®.

Comparing the Monopoly-hub network
equilibrium to the Inter-hub network equi-
librium, it is found that, if the home coun-
try’s hub-airport competes with the neigh-
boring country’s hub-airport without any
concern for the passengers, the hub-airport
competition and the corresponding airline
competition actually raise the full cost (the
sum of the airport charge and the fare) to
the connecting passengers. Thus the total
traveling demand decreases, the consumer
surplus decreases, and the social welfare of
the home country falls. However, if the
home country’s hub-airport competes with
its rival respecting the consumer surplus of
the passengers sufficiently well, as a result
of the competition, the full cost of the home

country’s via-hub traveling is lower, while
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the full cost of the neighboring country’s
via-hub traveling is higher than the monop-
oly full cost. Corresponding to the changes
of the full cost, the total traveling demand
increases, the consumer surplus of the pas-
sengers increase, and the social welfare of
the home country actually improves.

The main economic intuition is that the
first-best outcome is achieved in the equi-
librium of the Monopoly-hub network. In
contrast, in the Inter-hub network, the
neighboring country’s airport has incentive
to raise its charge since it has no concern
for the passengers. In response to the rival’s
charge-raising, the home country’s hub-
airport will also raise its own charge if it
doesn’'t have any concern for the passen-
gers. As a result the full costs of both
routings rise. However, if the home coun-
try’s hub-airport respects the passengers
sufficiently well, the full cost of the home
country’s via-hub routing falls. On the
other hand, even though the full cost of
neighboring country’s via-hub routing
‘rises, it does not raise so high as the previ-
ous no passenger concern situation. Thus
the above results hold.

The paper is organized as follows. In
section 2, the demand function for the
connecting passengers in each network is
derived respectively. In section 3, the
Monopoly-hub network model is presented
and the corresponding equilibrium is der-
ived. In section 4, the Inter-hub network
model is presented, and the corresponding

equilibrium is derived. The equilibrium

comparison is made in section 5. Conclud-

ing remarks follow in section 6.

2 The demand of the connecting pas-
sengers

In this section, the model of Monopoly-
hub network and that of Inter-hub network
will be constructed, and then. the corre-
sponding demand function of the connect-
ing passengers in each network will be
derived. The Monopoly-hub network is
depicted in Figure 1. There are three cities
A, B and C, where the originating city A
and the hub city B are located in the home
country J, and the destinating city C is
located in another country I?. Airline 1
(belonging to country J) operates the hub-~
spoke network using B as its hub. The
connecting passengers who want to travel
from A to C have only one routing choice,
ie., flying A to C via B.

The Inter-hub metwork is depicted in
Figure 2. In this network, there is another
city D located in the neighboring country
K, where Airline 2 (belonging to country
K) has been flying between D and C¥. If,
under the bilateral agreements between
countries J and K, Airline 2 is allowed to
fly between D and A, the connecting pas-
sengers will have an alternative routing
choice, i. e., flying A to C via D9. The via-
hub B connecting flight and the via-hub D
connecting flight are assumed to be differ-
entiated services'®.

A representative connecting passenger
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Fig. 2 Inter-Hub network

is considered, who has a quasi-linear utility

function, which can be written as followsV.

2 -2
Ulx, %)=<T_g_7;)(x1 +:@)-%‘z—;ﬂz—

where >0, and the condition for the con-
cavity of the utility function is 0<58<1. x
represents the demand of via-hub B con-
necting flight, and x, represents the demand
of via~hub D connecting flight. The péssen—
ger maximizes its consumer surplus
defined as U(x, %)~ [(:+k)n+ (0 + )
%), where p; (i=1, 2) represents the fare of
the connecting flight provided by Airline i,
t; (=B, D) represents the airport charge
of the hub-airport j. In the Monopoly-hub
network, the demand function of the repre-
sentative passenger can be derived by sub-
stituting % =0 into the utility-maximizing

problem, since there is no via-hub D con-

necting flight. Solving this optimization
problem, we have the following demand
function (which will be used in section 3).
2(py, t)=(1+b)a—(1—03)[p+56] Q)
In the Inter-hub network, the passenger’s
demand functions can be derived by solving
the optimization problem where x; ( =1, 2)>0.
Thus, we have the following demand func-
tions (which will be used in section 4).
%(py, P, Is, o) =a—(p,+ 1)+ b(p,+ 1) (2)
%1, D2, 13, o) =a~(po+ o)+ b(p +15) (3)

3 The equilibrium in the Monopoly-
hub network

In the Monopoly-hub network model,
given the demand function of the represen-
tative connecting passenger as equation

(1), Airline 1 chooses the fare to maximize
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its profits, taking the airport charge and
the airport landing-taking-off fee as given.
Specifically, the profits-maximizing prob-
lem for Airline 1 can be formulated as:

M,,‘,lx I :plx?—clx‘l’—Eg (4)
where ¢, is the marginal cost of Airline 1’s
connecting flight, and Fp is the landing-
taking-off fee of hub-airport B. For the
convenience of calculation, let us suppose
that ¢ =0'. Solving the maximization
problem, the second stage equilibrium in
the Monopoly-hub network can be shown
as Table 1.

On the other hand, it is assumed that the
hub-airport authority B (hereafter,
Authority B) is owned and operated by the
public secter. Authority B selects the

airport charge for the passenger and the
airport landing-taking-off fee for Airline 1
to maximize the social welfare, subject to
the budget constraints. Specifically,
Authority B’s social welfare-maximizing

problem can be formulated as:

Max  Wp=zp+CSm 5)
Subject to  Fs+ tsx = GpxT (6)

where #(=p7-x7— F3) is the net profits of
Airline 1 which has the home country J’s
flag. 6z is the marginal operating cost of
the hub-airport B. Solving the social
welfare-maximizing problem, we have the
first stage equilibrium in the Monopoly~

hub network as Table 2!®.

Table 1 The second stage equilibrium of the Monopoly-hub network

Fare

pia b, 1=+ %5 5]

Demand

x7(a, b, ts)=(1—b%)-p7"

Consumer Surplus

CS™a, b, tg)=1—_l’-z-[ & -—tg}-p;"

4 L1-5

Table 2 The first stage equilibrium of the Monopoly-hub network

Charge of Hub-airport B

tF(a, b, 0s)=26s—

a
1-b

Fare of Airline 1

p7(a, b, 65)= T2 la—(1— )]

Full cost for passengers

P =0p

Demand

x(a, b, 85)=(1+b)-[a—(1—b)8s]

Consumer Surplus

CS™(a, b, ea)=2—(11“¥’57-[a—(1—b)93]2

Landing-taking-off fee

FF (0, b, 6= 1 2gy[a—(1— D)6

Profits of Airline 1 2 =pP P —FF =

The social welfare of Country J

W= CS™
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4 The equilibrium in the Inter-hub
network

In the Inter-hub network model, the
demand functions of the ;epresentative
connecting passenger are given by equa-
tions (2) and (3). In stage 1, each hub-
airport authority simultaneously chooses
its airport charge and its landing-taking-
off fee to maximize its own social welfare,
subject to the budget constraints. In stage
2, each airline simultaneously selects its
fare to maximize its own profits, taking
the airport charges and the landing-taking-
off fees of two hub-airports as given. The
subgame perfect equilibrium of these two
stages game can be derived under the
above suppositions.

Specifically, in stage 2 (airline competi-
tion stage), the profits-maximizing prob-
lems for Airline 1 and 2 can be formulated

as follow, respectively,

‘/V‘,,fx m=px— % —Fp (7)
Max  7=pav— %= F (8)

where ¢, is the marginal cost of Airline 2’s

connecting flight. For simplification, let us
assume ¢, = ¢, =0. Fpis the landing-taking-
off fee of hub-airport D. The first order
condition for the profits-maximization of
each firm (8=:/dp;=0(i=1,2)) may be
respectively expressed as:
a—2p,— ts+ bp.+ bin=0 9
a—2p,— to+bp, + bts=0 (10)
Under the assumption that both Airline 1
and 2 act like the Bertrand-Nash behav-
iors, we have the second stage equilibrium
of the Inter-hub network as Table 3.
In stage 1 (the hub-airport competition
stage), the social welfare maximization
problem of Authority B can be specifically

formulated as follow:

Max Wi=m+p-CS' a1
Subject to  Fa+ tex! = fgv} (12)

where #i(=pi-xi— Fs) is the net profits of

Airline 1 and B(8=0) is a constant parame-

ter used to weight the consumer surplus of
the connecting passenger. If =0, Author-
ity B have no concern about the consumer
surplus of the connecting passenger
originating from the home country. If 8>

0, Authority B respects the consumer sur-

Table 3 The second stage equilibrium of the Inter-hub network

Fare of Airline 1

Pf(d, b, ts, tp)= 4— B2

2+b)-a~(2—0%)-tstb-tp

Fare of Airline 2

ﬁé(ay br tB) tD): 4—pb?

@2+b5)-a~(2—b%)-to+b-ts

routing

The demand of via-Hub B | xi(a, b, is, tr)=p1

routing

The demand of Via-Hub D | xi(a, b, fs, to)=p1

Consumer Surplus

CS'=U(xi, x4) —(p1+ ta)xi —(pi+ to)xt
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plus of the passenger. On the other hand, it
seems reasonable to consider that the hub-
airport authority D (hereafter, Authority
D) has no concern for the consumer surplus
of the home country’s passenger. Thus, the
social welfare maximization ‘problem of
Authority D may be specifically formulat-
ed as follow:

Max Wh=x} (13)

Fp,tp
Subject to  Fp+ tpxs= 6px3 (14)
where 7i(=pl-xi— Fp) is the net profits of
Airline 2 which has the neighboring coun-
try K’s flag. #p is the marginal operating
cost of the hub-airport D. For simplifica-
tion, let us assume that fs=8,=4.

Under the assumption that both Author-
ity B and D act like Bertrand-Nash behav-
iors, the first order condition for the max-
imization problem of Authority B (dW /ot
5=0) and Authority D (W %/8tr=0) can
respectively expressed as:

@C+n)p*—2+b)Bl-a—[(8—4b?)

—(4—=30%)B1 s+ 0¥ (1— Pt (15)

+@2— D4~ b2 6:=0

(2+b)b2a+b3t—4(2— 0D

+(4—=56H2—0)op=0

Solving these two equation system, we

(16)

have the first stage equilibriwm of the Inter-
hub network as Table 4. According to

Table 4, we have following lemma :

Lemma 1:
a) If =90, the equilibrium values of both
airlines and both airport authorities are the

same by symmetry.

b) If >0, then th™>t}, pi"<p!’, and
P+ ) > (P +th).

Proof. See Appendix A

Lemma 1-b implies that in the equilib-
rium, the charge of hub-airport D is higher
than the charge of hub-airport B because
Authority D has no concern for the con-
sumer surplus of the passenger, and then
Airline 2 has to lower its fare because of
the higher charge of its hub-airport D. The
passenger’s full cost of via-hub D is higher
than that of via-hub B.

5 Equilibrium Comparison

In this section, two simple cases (the
cases of =0 and g=1) will be discussed
to examine the economic effects on the
home country resulting from the hub-air-
port competition (and the corresponding
airline competition). When £=0, the first
stage equilibrium of the Inter-hub network
can be obtained directly from Table 4.
When =1, the equilibrium values can be
rewritten as Table 5.

Comparing the equilibrium of each case
in the Inter-hub network with the equilib-
rium of Monopoly-hub network, we have
the results shown by Table 6 (all compari-
sons have been done in Appendix B).

In the case of =0, comparing the equi-
librium of the Inter-hub network to the
equilibrium of the Monopoly-hub network,

we have the following propositions:
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Table 4 The first stage equilibrium of the Inter-hub network

Charge of Hub-airport B

[62-(44+2b—b2)—(8+8b+0b2—2b°—b*)B] 2
o +(2~56%-[(2—b)(4+26— 05— b*R]-4
5T E—Fg

Charge of Hub-airport D

b*-[(4+2b—b?)—2(1+b)g]-a
e F2—09)-[(2—b)(4+2b— 5%~ (4—3b%)8] -8
b E—FpB

Fare of Airline 1

P =0-(2—5%)-[(4+26— %)+ b1+ 5)g]

Fare of Airline 2

237 =®-(2—0%)-[(4+2b—b>)—2(1+b)B]

The full cost of via-Hub B
routing

[2(4+26— b2~ (8+6b+262—b*)B]-a

ey e Q=04 +20— 62— b8]- 6
P+t = ~E—Fp

The full cost of via-Hub D
routing

[2(44+2b—02)—4(1+8)B]) a
ey e T[4 +26—6)—(2—b2)g] 0
D= E—Fp

Demand of via-Hub B routing

x{‘=_ﬁ{‘

Demand of via-Hub D routing

2’ =ps

Landing-taking-off fee of
Hub-airport B

Fy=a?-[Lp*+MB—N]

Landing-taking-off fee of
Hub-airport D

Fh=%(— )2~ b?)-[(4-+26— 69— 21 + b) BT

Profits of Airline 1

i =[2%/2]-[-(Qp*+ RB—S)]

Profits of Airline 2

m3 =222 b?)-[(4-+2b— 62)—2(1+ b) B2

Consumer Surplus

ne | 204+26—52)
CSI‘=®2-—-——(22(1_fb)) X| —2(1+58)(2—b)(4+26—b2) 8
+(1+b)(4—3b7)- 57

where E=(4+2b—52)(4—2b— b?)
F=(8+06—85%+00b%+ b*)

L=b(1+56)(2—02)(8-+85-+052—2b%— 5*)>0
M=02~b*)(4+2b— b*}(8+8b+0b2—3b°—25%)>0
N=b2(2—-03)(4+26—02P>0
Q=2b(1+5)(2—b2)(8-+656—262—b%)>0
R=2(2—0%)(4+2b+ b*)(8+4b— 452~ b%) >0
S=4(2— )4 +2b6—-52)>>0

Proposition 1: If the home country’s hub-

airport authority competes with the neigh-

boving country’s hub-airport authority with-

out any concern for the consumer surplus,

then the hub-airport competition and the

corresponding airline competition will

a) raise the hub-airport charge, lower the
Jare, and actually raise the full cost to the
connecting passenger. Correspondingly, the

total demand (the sum of both routing
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Table 5 The first stage equilibrium of the Inter-hub network (=1

Charge of Hub-airport B

th'=02—0)0—(1+b)a

Charge of Hub-airport D

_ bfa+(4+0b—b*+b%)-4
4

.
th

Fare of Airline 1

i =[(4+35)/4]-[a—(1—0)6]

Fare of Airline 2

pi=[2—>)/4]-[a—(1—b)6]

The full cost of via-Hub B

—ba+{4+b—5%)0

U=

routing 4

The full cost of via-Hub D | ., ,;._ a+(1+5)4
. P t+ip = 5

routing

Demand of via-Hub B routing | xI"=p1"

Demand of via-Hub D routing | x"=p3"

Landing-taking-off fee of
Hub-airport B

Fi=[(1+5)(4+3b)/4]-[a—(1— b))

Landing-taking-off fee of
Hub-airport D

Fy'= —[62(2—b*)/16]-[a—(1—b)6]?

Profits of Airline 1

z'= —[b(4+3b)/16]-[a—(1—b)6P

Profits of Airline 2

24" =[(2—5%)/8]-[a—(1—b)6]

Consumer Surplus

CS" =[(20+206—3b2—5b°)/(32(1— 8)]-[a— (1 — b) 6]

Table 6 The effect of hub-airport competition and airline competition

B=0 A=1

Charge of Hub-airports | t5"=b"> t§ >t >

Fare of Airlines pl=pi<pl™ P <pi"<p¥

Full cost to passengers | (p7"+ ) =i +t5") U+t <(pF +tF)
>(pF+tE)=0 By -+t > + 15

Demand it =gl <2 af<al <

Total demand (a2 <xP (x> o™

Landing-taking-off fee | F§'=FbL' <F[" FL<FE<Fr

of Hub-airports

Profits of Airlines

it =al"> 27 (=0)

71 <0, 75" >0

Consumer Surplus

CS<Cs™

cs>cs™

Social welfare of coun-
try J

Wh<wr

wi>wpr
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demands) will decrease.
b) decrease the comsumer surplus of the
passenger, and will decrease the social

welfave of the home country.

Proposition 1-a and 1-b can be ex-
plained as follows. In the Monopoly-hub
network, it is assumed that Authority B
tries to maximize the home country’s social
welfare. As a result, the first-best (the full
cost is equal to marginal cost) outcome is
achieved in the equilibrium. However, in
the Inter-hub network, the distortion of
pricing arises because of the activities of
the neighboring country’s Authority D. In
the first stage, each hub-airport authority
has the incentive to raise its own airport
charge, since each one does not care about
the consumer surplus. In the second stage
each airline lowers its fare because of the
charge-raising of its hub-airport. As a
result, the full cost for passengers rises
since the airport charge-rising dominates
the fare-falling. Corresponding to the
changes of the full cost, the total traveling
demand decreases, and the consumer sur-
plus decreases. Even though, the profits of
Airline 1 increase due to the lower landing-
taking-off fee of its hub-airport B, it is
dominated by the decrease of consumer
surplus, thus the social welfare of the home
country decreases.

In the case of #=1, comparing the equi-
librium of the Inter-hub network to the
equilibrium of the Monopoly-hub network,

we have the following propositions :

Proposition 2 : If the home country’s hub-
airport authority competes with the neigh-
boring country’s hub-airport authority
respecting the comswmer surplus of the
passenger as well as the profits of Airline
1, then the hub-airport competition and the
corresponding airline competition will

a) raise the hub-airpost charge, lower the
Jave. Moreover, the full cost of the home
country’s via-hub routing is lower, while
the full cost of the neighboring country’s
via-hub vouting is higher than the monop-
oly full cost. Corresponding to these full
costs change, the total demand (the sum of
both routing demands) increases.

b) increase the consumer surplus of the
passenger, and will improve the social

welfare of the home country.

Proposition 2-a and 2-b can be ex-
plained as follows. Even though Authority
D has incentive to raise its own charge,
Authority B does not raise its charge since
Authority B has sufficient concern for the
consumer surplus'®. Thus, the charge of
Authority B is lower than Authority D.
Because of the lower hub-airport charge,
Airline 1 can price higher than Airline 2.
As a result, proposition 2-a holds. On the
other hand, even though the profits of
Airline 1 are negative, it is dominated by
the increase of consumer surplus. Thus the
social welfare of the home country

improves!s1?,
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Table 2-b  The first stage equilibrium of the Monopoly-hub network (hub- airport B
simply maximizes profit)

Charge of Hub-airport B t¥(a, b, 8:)=6s

Fare of Airline 1 m(a, b, 85)= E(—l-l;T)[a—(lw b)t’)a]

Full cost for passengers ey a+(1—05)8
TS 2(1—0b)
Demand (e, b, He)=<"1jz——b)'[a‘(1—b)ﬁa]
Consumer Surplus e __1-b [ o ]2
CS™(a, b, 58)———"—8(1_b) a—(1—b)8s
Landing-taking-off fee F7(a, b, 82)=0

Profits of Airline 1 145

”yt‘:pyl‘-x{"'mFé"'zm'[a—(l’b)es]-

The social welfare of Country S )] [ 1 ]2
I I’Vj =7y C = 8(1“b) a (]. b)0}3

Table 6-b The effect of hub-airport competition and airline competition (hub-air-
port B simply maximizes profit in both networks)

£=0
Charge of Hub-airport =" >
Fare of Airlines pi=ps<pi
Full cost to passengers (I +t5)=(ps + b <P + 7))
Demand alt=alt<a
Total demand (x4 x8y>
Landing-taking-off fee of | F§'=F§ <F(=0)
Hub-airports
Profits of Airlines O<)al" ==t <z™
Consumer Surplus CS"">(CSs™
Social welfare of country J wWi>wr

. try’s hub-airport (and airline) competes
6 Conclusion . . . ]
against the neighboring country’s hub-air-

In this article, models for the simple port (and airline), are constructed to
Monopoly-hub network where there is no examine the economic effects resulting
hub-airport competition and corresponding from the hub-airport competition and air-
airline competition between the home coun- line competition. It is found that compared
try and the neighboring country, and the with the equilibrium of the Monopoly- hub
Inter-hub network where the home coun- network, if the home country’s hub- airport
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authority competes with the neighboring
country’s hub-airport authority ignoring
the consumer surplus of the passengers, the
competition hurts the social welfare of the
home country. However, if the home coun-
try’s authority competes with its rival
respecting the consumer surplus sufficient-
ly well, the competition improves its social
welfare.

Some interesting directions are consid-
erable in the future research. For example,
the network models study in the present
article assumed that the fare decision of
airlines are independent of the airport land-
ing-taking-off fees. It seems desirable to
extend the analysis to that the airlines do
not only compete with fare but also the
frequency of movement, given the landing-
taking-off fees. The congestion problem in
the hub-airport has not been addressed in
this paper. If the capacity of the home
country’s hub-airport is constraint, linking
the home country’s spoke-airport to the
neighboring country’s hub-airport seems
likely to reduce the externality costs
caused by the congestion in the hub-air-
port. Then different welfare implication of
the hub-airport competition would be
obtained, although the analysis becomes

much more complex.
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Notes

1) The cost advantage of the hub-spoke net-
work has been argued by Bittlingmayer (1990),
Brueckner and Spiller (1991). Levine (1987),
Oum et al. (1990) concluded that the domi-
nance of hub-spoke networks is the result of
airlines’ exploiting economies of traffic den-
sity. Hendricks et al. (1995) indicated that the
reason for the emergence of hub-spoke net-
work is the economies of density, too. Oum et
al. (1995) asserted that besides the cost (includ-
ing both airline and passenger inconvenience
costs) saving, switching from a linear to a hub-
spoke network is a dominant strategy in an
oligopolistic setting or will be useful in deter-
ring entry. Borenstein (1989), Berry (1990)
investigated empirically the relationships
between hub-spoke network structures and
market power.

2) For example, in East Asia, Japanese major
airport Kansai-International-Airport (Osaka)
competes with the neighboring major airport
Intyon (Seoul). Langner (1996) indicated that
Schiphol (Amsterdam) is the potential rival of
the most popular European airport Heathrow
(London).

3) Oum et al. (1996) deals with the socially
optimal pricing in ‘one hub and n-spokes net-
work’, taking the complementarity between the

hub-airport and the spoke-airports into
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account. Kuroda and Yagi (1999) illustrate
and examine a specific situation in which
neighboring countries compete for interna-
tional hub airport, focusing on the airport
financial system and no airline-related consid-
eration.

4) Including Seoul, Singapore or Taipei may be
another potential rival of Osaka. Then Japan
Airlines may competes against with Singapore
Airlines or China Airlines in the corresponding
connecting market.

5) Langer (1996) indicated that airports were
considered to be natural monopolies, and today
airports in most countries are in public owner-
ship. Similarly, Oum et al (1996) indicated that
in many countries including Canada, Australia,
and many Asian and developing countries in
other continents, airports are owned and oper-
ated by the governments. Although recently
some countries including Canada and Australia
have adopted new policies to defederalize or
even to privatize some of their major airports,
in this paper we assume that the hub-airport in
the Asian country is owned and operated by the
public sector (the government).

6) As Langner (1996. pp23) indicated that the
main task of the hub-airport is to process
passengers from one spoke-airport to another.
It seems plausible to suppose that the potential
hub-airport does not care about the nationality
of passengers, thus has no concerns about the
consumer surplus. However, it may be neces-
sary to argue that the home country’s hub-
airport would still respect the consumer surplus
of passengers as well as the Monopoly-hub
case. In the Inter-hub network, we suppose
that the consumer surplus of passengers will be
weighted by a constant parameter (by the
home country’s hub-airport), and two essential
cases will be discussed.

7) For the previous example, one can think of
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cities A and B to be located in Japan, where B
is the hub city (Osaka), and C is one foreign
city. Or for one European example, cities A
and B are located in Great Britain, where B is
Heathrow (London), and C is another appro-

priate foreign city.

8) In our Asian example, city D may be Seoul,

Singapore or Taipei. In our European exam-
ple, city D may be Schiphol (Amsterdam), or

another appropriate hub-city.

9) The network of this type is similar to the

inter-hub network developed by Bruncker and
Spiller (1991), and has been used by Zhang and
Wei (1993), Zhang (1996). Except the hub-
airports and the connecting (AC) market, there
are two spoke-airports and direct monopoly
city-pair markets in both networks. To sim-
plify and concentrate on the analysis of hub-
airport competition, only the hub-airports and

the connecting market are considered.

10) It seems natural to assume that the connect-

ing passengers differentiate the (home
country’s) via-hub B connecting flight from
the (neighboring country’s) via~hub D con-
necting flight because of different airport ser-
vices and/or different airline flight services.
For example, the schedule delay time costs for
the connecting passengers may be different if
the departure time of Airline 1 and Airline 2
are different. Or the connecting time costs may
be different between hub-airport B and D. The
assumption that passengers differentiate the
flight services by the different time costs has

been made by Encaoua et al. (1996).

11) This type of quasi-linear utility function has

been used in Singh and Vives (1984), Furth and
Kovenock (1993). The corresponding linear
demand functions have been used in
Economides and Salop (1992). Although this
specified function is restrictive, it yields a

number of suggestive conclusions that are like-
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ly to hold true in general.

12) The simplification that the marginal cost is
zero has been made in duopoly studies where
products of firms are differentiated. The
results are identical for positive constant mar-
ginal cost, where “fare” reinterpreted as differ-
ences between fare and the rriarginal cost.

13) In the equilibrium, the full cost of passengers
is equal to the marginal cost, and the profits of
Airline 1 are zero. The equilibrium fare and
demand are assumed to be positive, i. e, a>
(1— )6z holds.

14) It is noted that the landing-taking-off fees of
both hub-airports are negative in Table 4
(where #=0). The charge of Hub-airport B
may be negative, and the landing-taking-off
fee of Hub-airport D is negative in Table 5.
The above results may likely occur when the
hub-airport authority subsidizes its airline Cor
its passengers) to compete with its rival.

15) Note, when g=1 the reaction function of
Authority B (equation (15)) is independent of
Authority D. When g>1, in response to the
charge-raising of Authority D, Authority B will
lower its charge.

16) From equation (B10) in Appendix B, it can
be easily shown that the optimal g8, where the
improvement of social welfare of country J is
maximal, exists. It can also be numerically
shown that the value of the optimal g is
increasing to parameter b(the index of product
differentiation), and it is a value from 0.68 to
1.04 corresponding to 0<b<1.

17) The analysis of another possible case where
Hub-airport B simply maximizes the profits in
the Monopoly-hub network has been made.
The corresponding equilibrium in this stage is
shown as Table 2-b. Comparing with the
equilibrium of the Inter-hub network where
each hub-airport simply maximizes the profits

(Table 4 where #=0)), we have some different

results shown as Table 6-b. In this case, the
hub-airport competition and the corresponding
airline competition will lower the full cost of
each routing, increase total demand (the sum
of both routing demands), thus increase the
consumer surplus of passengers. On the other
hand, even though the profits of Airline 1
decrease, it is dominated by the increase of the
consumer surplus. As a result, the social
welfare of the home country improves (all

comparisons have been done in Appendix C).
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Appendix A : Comparison in Equilibrium I*

thr— b =®-(24+5)2-(2—02)-8 (A1)
pir—pir=0-[-(1+8)2+06)2-b%)]-8 (A2)
Pir+th*)—i*+ ") =0-(2+b)(2— 0% 8 (A3)

Appendix B: Comparison of equilibrium I* (where §=0) and Equilibrium m*
ti—tE=[1/(1—5)]-®X

[(16-+06—8b2—2b—2b*+ b%)— (16 +0b—165>—253+2b*+ b%)- 5] (BL)
th— 15" =[1/(1- b)]-® X )
[(16406—8b%—283—2b*+ b%)—(8-+0b—6b2-+0b%— b*)- 8]
piT—p=[1/Q-b)]-@x (B3)
[—(8+45—2b2—4b>—2b*+ b%)+(8-+2b—8b2—3b%+ b*+ b%)- A]
3 —p=[1/0—b)]-®X (B4)
[—(8+45—2b2—453—2b%+ b%)+(4+0b—2b%+0b3—b*)- 5]
P I+t —(pr+tF)=@-[2(4+2b— b2)— (8-+6b6—2b>—b*) 8] (B5)
(p &+ t5)—(pr+17) =0 [2(4+2b— b2)—4(1+ b) B8] (B6)
(el —xm) =0 X[—(8-+126—6b2—10563+0b*+ b%)+(1+ b)(8+2b—8b2— b3+ b*) - B] (B7)
(28— =(1—5b)-®X (B8)

[—b(8+8b—6b2+06°—b*)+(1+b)(4+6b+0b2—b%)- 5]
CS™—CS™ = CS=[®*/2]-[—(Tp*— VB+ W)] (B9)
where T=(1+5)2-(48+0b—525%+0563+12b+065—55)>0
V=201+5)4+2b—0>)(24+126—206>—8b*+25*+b%) >0
W=(4+2b—5%%(8+8b—4b>—45°—b*)>0
when g=0 aCS=[®%/2]-[-W]<0
B=1 ACS=[a—(1—5)8]*-[(4+8b+5b%)/32]>0
Wi—-wr=a W=[@/2]-[-(Xpg*— Y+ Z] (B10)
where X =(1+5)(48+80b—285>—T766%—4b5*+165°+5°—57)>0
Y=2(4+2b—5?)(8-+28b+8b*—225°—10b*+26°+5%) >0
Z=b(4+2b—b%)2-(8+0b—45*—b%)>0
when B=0 &W,=[®%/2]-[-Z]<0
=1 AW,=[a—(1-5)8]>-[(4—b?)/32]>0

Appendix C: Comparison of equilibrium I* (where g=0)

and equilibrium m* (where Hub—airport B simply maximize profit)
(5 — tF)ano=[67/(4— 26— b)]-[a—(1— 8)8] >0 €D
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(b 1" 7)o = — b(8+8b2(—18_l.72—)i-.fj>il‘73+2b4) <0 (C2)
(G + ) — (T + t8)]e=0= —[(2— b)/2(1— b)(4—2b—b?)]-[a—(1— ) 6] <0 (C3)
(el =20 = —[6(1— 6)(2+ 5)/2(4— 25— b9)]-[a— (1~ 5)8] <0 1)
[Gef 4+ 287 = 27 Lpoo =[(4— 26— b2+ ) /2(4— 25— 62)] - [a— (1~ ) §] >0 (C5)

(CS"—=CS™)po=(LCS)peo= -

[(164+05—1262+05°+35*— 59)/8(1— b)(4—2b — b2)7] - [a— (1— b) 612>0 (c6)
(ot =2 Y =( A m)pag= — AL DAL BIELA ] [, (1 )10 )
(Wi = Wi ao=(A Wj)peo =

(1—b)[4(1—b)(4— b)) +8b3+5b]+ 257 ) (C8)

§(1— b)d—26— 5 la=(1=0)61>0
QED
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