Chapter 10
The Network Analysis of Transportation

AKkio Kawasaki

10.1 Introduction

Since the deregulation of the airline market in 1978, airline networks have rapidly
changed. During this time, regional carriers and low-cost carriers (LCCs) have
entered or exited airline markets. According to Bamberger and Carlton [1], in 2003,
LCCs other than Southwest entered 38 hub routes and 31 non-hub routes (Southwest
entered only two non-hub routes). In the same year, major carriers entered 76 own
hub routes, 40 other hub routes, and 216 non-hub routes.

In Japan, the airline market was deregulated in 2000, after which new carriers
entered. For example, Skymark Airlines entered the market in July 2000, Air-do in
October 2000, and Solaseed Air (Skynet-Asia Airline) in May 2002. In this chapter,
we examine a number of outstanding questions. Which routes do new carriers
enter? How do incumbent carriers change their operating routes? Based on these
interests, this chapter assumes that the incumbent carrier chooses the entry route in
the first stage and that the new carrier chooses the entry route in the second stage to
investigate which route each carrier enters.

Of the scarce literature on the carrier’s route problem, Lin and Kawasaki [8]
assume that the entry route of the incumbent carrier is given and analyze which
route, the hub route of the major carrier or the non-hub route, to enter. They
demonstrate that the regional carrier has an incentive to enter the non-hub route in
order to avoid competition with the incumbent carrier. Similar to Lin and Kawasaki
[8], Kawasaki and Lin [7] assume that the incumbent entry route is given and
analyze which route (the hub route or non-hub route of the incumbent carrier) to
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enter. However, the later study addresses the cost differential between incumbent
carriers and entrants. As this cost differential increases from a small (large) basis,
the new carrier strengthens its incentive to enter the incumbent’s hub (non-hub)
route.

Although these two studies consider the new carrier’s entry route problem, they
ignore the strategy of the incumbent carrier. To address this shortcoming, the present
chapter addresses both the incumbent’s operating route and the entrant’s entry route.
We imagine that if the incumbent expects the new carrier to enter its hub—spoke
airline market, the incumbent may change its operating route. We also assume
that three markets exist in this model and that the potential number of one market
is smaller than that of the other two markets. In addition, the incumbent carrier
has already entered one market, which has more potential passengers. Given this
situation, each incumbent and entrant chooses only one entry route. That is, the
incumbent carrier expects the entry route of the new carrier and chooses the entry
route for the first time. Then, realizing the incumbent’s entry route, the new carrier
chooses the entry route. Considering this situation, which network is formed in
equilibrium?

Furthermore, this chapter interprets the selection of the hub airport by the
incumbent carrier when it faces potential competition with the entrant carrier.
With regard to the hub selection problem in a monopolistic market, Kawasaki [6]
demonstrates that a monopolistic carrier does not always choose the hub to minimize
the potential number of connecting passengers. Then, by considering the situation
in which the incumbent faces competition with the entrant, do the same results as
those presented by Kawasaki [6] appear? Finally, by comparing social welfare for
each entry pattern, this chapter examines the socially preferable entry pattern.

The main results obtained in this chapter are as follows. The subgame perfect
Nash equilibrium with regard to the entry route decision is described below. When
the difference in the potential number of passengers between two markets is not
small, the incumbent carrier (or the major carrier) enters a route that has a smaller
potential number of passengers and the entrant carrier (or the regional carrier) enters
a route that has a greater potential number of passengers. However, when this
difference is small, both the major carrier and the regional carrier enter the route
that has a smaller potential number of passengers.

From the viewpoint of social welfare, the following results are obtained. When
the difference in the potential number of passengers between markets is not small,
it is socially preferable that both major and regional carriers enter the route that
has a smaller potential number of passengers. When this difference is small, it
is socially preferable that the regional carrier enters the route that has a smaller
potential number of passengers and the major carrier enters the route that has a
greater potential number of passengers. Furthermore, by introducing the per-seat
cost, this chapter re-analyzes the entry route problem and finds that when this cost
is large, the major carrier does not enter the route that has a large potential number of
passengers. That is, the major carrier chooses its entry route to decrease the number
of connecting passengers.
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The remainder of this chapter is organized as follows. In Sect. 10.2, we present
the model. Section 10.3 analyzes the flight frequency and quantity of each carrier
assuming a restrictive entry pattern. In Sect. 10.4, we compare each carrier’s demand
with each entry pattern. Section 10.5 analyzes the entry route decision by the
entrant carrier given the result obtained in Sect. 10.3. In Sect. 10.6, given the result
presented in Sect. 10.5, we analyze the incumbent carrier’s entry route and derive
the subgame perfect equilibrium. In Sect. 10.7, we derive the socially preferable
entry pattern. In Sect. 10.8, we introduce the per-seat cost and discuss its influence.
Section 10.9 concludes and discusses further research.

10.2 Model

Following Kawasaki and Lin [7] and Lin and Kawasaki [8], this chapter uses a
model with three cities: A, B, and C. The individuals living in each city travel to
other cities. All travel is assumed to be in the form of a round trip. There exist two
carriers in this economy: a major carrier (or an incumbent carrier) that always uses
a hub—spoke network! and a regional carrier (or an entrant carrier) that always uses
city C’s airport and flies only one route. Hereafter, we call the former carrier airline
M and the latter airline R.

Each carrier flies between each city pair. We express airline £’s ({ = M,R)
number of flights between cities i(= A, B,C) and j(= A,B,C, i # j) as flf Each
carrier incurs operating costs when flying between each city pair. In this chapter,
following Kawasaki [6] and Kawasaki and Lin [7], we assume for simplicity that
the per-seat cost is zero and the constant cost per flight is K.

The two carriers compete by simultaneously choosing the flight frequency and
quantity (total traffic) of their market(s). Throughout our analysis, the airfares of
airline £ (= 1, 2) for each city pair ij (i,j = A, B, C, i # j) are represented as pfj;
the flight frequency and quantity of airline £ for city pair ij are represented as flf and

qf/, respectively.

" Before deciding its flight frequency and quantity, each carrier decides its
operating routes. We assume that the major carrier always uses a hub—spoke network
and operates on route AB, but chooses route BC or AC. On the contrary, we assume
that the regional carrier operates on only one route and chooses route AC or BC.
Figure 10.1 expresses the network structure used in this chapter.

Finally, following Kawasaki [5], Kawasaki [6], and Kawasaki and Lin [7], we
assume that each flight has unlimited capacity.

'The economic efficiency relative to a point-to-point network comes from the fact that the
incumbent enjoys benefits from higher flight frequencies. The resulting welfare under the adopted
hub-spoke network could be superior to that in a point-to-point one. For this argument in a
monopoly carrier case, see Brueckner [2] and Kawasaki [5], among others.
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Fig. 10.1 Network structure

10.2.1 Passengers’ Utility Function

Each passenger benefits from using airline services. Following Brueckner [2] and
Kawasaki [6], we assume that total benefit is composed of the travel benefits and
schedule delay cost.

We assume that the travel benefits derived from flight services vary among
passengers. Here, a passenger’s travel benefit is expressed as w. Following Kawasaki
[6], benefit w is assumed to be uniformly distributed between [—W, W]. We assume
that a passenger who has w = —W heavily dislikes airline services and never flies
on an aircraft. Furthermore, we assume that the density of benefit w is different
between each city pair; the density in city pairs AB and AC is 1 and that in city pair
BCis (< 1).

The waiting time of passengers using a carrier decreases when the carrier
increases flight frequency. This additional convenience means that passengers’
benefits increase when flight frequency increases.” Hereafter, we call this effect the
“scheduling effect” and represent the reduction in the schedule delay cost (i.e., the
benefit of the increased flight frequency) as /7.

2This assumption was also made by Oum et al. [9], Brueckner [2], and Brueckner and Flores-Fillol

[3].
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We separately formulate the benefit function for connecting passengers because
flight frequencies differ for each route. When passengers travel via the hub city, they
must use two routes. Consequently, their convenience depends on the frequencies
of both routes. Following Oum et al. [9], Flores-Fillol [4], and Kawasaki [6], we
assume that the benefit of a one-stop service is the average of the two relevant
frequencies.

In general, a connecting passenger’s travel time cost 7 when flying through the
hub city might be higher than the one incurred if direct flights were available (see
Brueckner [2]; Kawasaki [5]). However, when introducing this additional travel
time cost, the calculation becomes burdensome. Therefore, this chapter omits this
additional travel time cost. By ignoring this cost, the assumption that the major
carrier adopts a hub—spoke network becomes rational.?

In the following analysis, we assume the following.

Assumption. Connecting passengers do not change carriers at the hub airport.

The interpretation of this assumption is as follows. When connecting passengers
change carriers at the hub airport, they incur heavy disutility from moving to a
different terminal, repeating check-in procedures, or having to wait an excessively
long time. Therefore, connecting passengers prefer connecting flights provided by
the same carrier or an alliance member; hence, few passengers change carriers.*

Here, we assume that the airfare for the connecting flight is lower than the sum of
the airfares for the two routes. This assumption ensures that connecting passengers
do not purchase tickets for two routes. In the following analysis, this assumption
always holds. As a result, the utility function is expressed as follows:

w+ \/J?f - pf} if traveling directly

(10.1)
w+ %(\/E + \/]%) —p§  if raveling via hub city h.

Uyj=

The timeline of this game is as follows. In the first stage, the major carrier chooses
its entry route. Then, the regional carrier decides its entry route. In the third stage,
each carrier decides its flight frequency and quantity simultaneously.

3See, for example, Kawasaki [5].

“For example, LCCs tend to use point-to-point networks, do not construct flight schedules that
consider connecting passengers’ transit, and thus have a very low percentage of connecting
passengers.
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10.3 The Decision on Flight Frequency and Quantity

This section analyzes the flight frequency and quantity decided by each carrier.
Because the result depends on the entry route chosen by each carrier, we derive
four cases.

10.3.1 Major Carrier Enters Route BC and Regional Carrier
Enters Route AC

First, we assume that the major carrier enters route BC and the regional carrier enters
route AC. Hereafter, we call this Case 1 (see Fig. 10.1a). In this case, markets AB and
BC are monopolized by the major carrier; in market AC, the major carrier competes
with the regional carrier. Therefore, each market’s demand function becomes as
follows:

Py = W+ ik — dip. (10.2)

Phe =W+ /ot — gt (10.3)
Phe=W+3 (\/J% + f%) — (@hc + dic)- (10.4)
Phe =W+ Ik — (&4 + d50)- (10.5)

Consequently, the profit function of each carrier is

™M = P%BQ%B + ﬂpg[c‘lgc +P%cqglc - (]%a +f1§/é)K’ (10.6)
TR = Pﬁc‘]ﬁc _fch' (10.7)

By solving the profit maximization problem, we obtain the following flight fre-
quency and quantity:

I _( W(1 + 4K(=7 + 16K — 3) + 5p) )2 o
AB TN\ (1—4K)(1 + 48K2 + 58— 12K+ B)) ) .
w [ WA +58—4K(1+3B)
Tac = (1 48K2 1 58 — 12K(2 + ,8)) ’ (10.9)
_ W(1 +4K(—5+ 8K —38) + 58) 2
Jie = ((1 —4K)(1 + 48K2 + 58 — 12K(2 + ﬁ))) ' (10.10)
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1 1
W _ o , 10.11
das TT14K T4 48K2 156 12K+ ) R
2KW (=5 + 12K
2= ‘ ( ) , (10.12)
1+ 48K2 + 58 — 12K(2 + B)
4KW(—1 + 4K)
i — : 7 (10.13)
1+ 48K2 + 58 — 12K(2 + B)
K _orw 1 4K (10.14)
dac = 1+4K 1+48K2+58—12KQ2+p) ) '

Consequently, the maximized profits become as follows:

ml = KWH(1 + B)* 4+ 128K*(13 + 98) — 2K(1 4+ 58)(20 + 178)
—32K3(50 4 9B(7 + B)) + 8K*(59 + B(143 + 488))}
/(4K — 1)(1 — 24K + 48K> 4 58 — 12KB)>, (10.15)

Ll KW2{1 + 4K(—5 + 8K — 38) + 58}*
R (1 + 48K2 + 58 — 12K B)?

(10.16)

10.3.2 Major Carrier Enters Route BC and Regional Carrier
Enters Route BC

In the following, we assume that both the major carrier and the regional carrier enter
route BC. Hereafter, we call this Case 2 (see Fig. 10.1b). In this case, markets AB and
AC are monopolized by the major carrier; in market BC, the major carrier competes
with the regional carrier. Therefore, each market’s demand function becomes as
follows>:

P =W L — (g + gRe), (10.17)
Pic = W+ I — (e + die)- (10.18)

1
Pic=W+3 (\/J%Jr \/fBWC) — e (10.19)

SBecause the demand function for market AB is the same as Eq. (10.2), we omit its demand function
here. This comment is valid in the following subsections.
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Consequently, the profit function of each carrier is
M = Papdan + BPrcdpe + Phcdie — (fag + 0K, (10.20)
7R = Bpacdne —facK. (10.21)

By solving the profit maximization problem, we obtain the following flight fre-
quency and quantity:

" W(=3K + 72K* + B — 46KB + 5B2) 2
fap = (192K3ﬁ(1 +5B) —8K2(9+ 16B8) + K(3 + 4B(11 + 4/3))) ’
(10.22)
i ( W(B + 582 + 8K2(3 + 48) — K(3 + 2B(9 + 88)))) )2
BC T \192K3B(1 + 58) — 8K2(9 + 168) + K(3 + 4B8(11 + 4B)) )
(10.23)
. WB(I + 32K + 58 — 16K(1 + B)) ’
Joe = (1921@,3(1 +5B8) — 8K2(9 + 168) + K(3 + 4B(11 + 4;3))) ’
(10.24)
o KW(96K? — 64K B + B(—1 + 88))
AB T 192K3B(1 + 58) — 8K2(9 + 168) + K(3 + 4B(11 + 4B))’
(10.25)
o KW(—1 + 8K(—1 + 8K — 4B) + 8B)
15 = T92K3B(1 + 58) — 8K2(9 + 168) + K3 + 4B(11 + 48))’
(10.26)
Mo 2KW(—3 + 24K — 28)(2K — B)
94c = To2K3B(1 + 58) — 8K2(9 + 168) + K3 + 4B(11 + 48))°
(10.27)

R 2KW(1 + 32K* + 58 — 16K(1 + B) 1028
Isc = 192K3B(1 + 58) —8K2(9 + 168) + K(3 + 4B(11 + 4p))° (1028)

Consequently, the maximized profits become as follows:

n, = KW*{2048K(9 +2p8) —2B8%(1 4+ 58)> + KB(1 + 5B8)(13 + 48B(3 + B))
—128K*(63 4+ 40B(5 + B)) + 16K>(45 + 4B(155 + B(203 + 328)))
—2K2(9 + 4B(88 + B(533 + 8B(45 + 4p)))}

J{192K3 — B(1 + 58 —8K*(9 + 168) + K(3 + 4B(11 + 4B))}*, (10.29)

_ KW2(4K — B)B(1 + 32K + 5 — 16K (1 + f))? (10.30)
T 192K — B(1 +5B) + K + 4B(11 + 4B))12 '

T

NS



10 The Network Analysis of Transportation 157

10.3.3 Major Carrier Enters Route AC and Regional Carrier
Enters Route AC

In this subsection, we assume that both the major carrier and the regional carrier
enter route AC. Hereafter, we call this Case 3 (see Fig. 10.1c). In this case, markets
AB and BC are monopolized by the major carrier; in market AC, the major
carrier competes with the regional carrier. Therefore, each market demand function

becomes as follows:
1
Ppe =W + 3 (\/f,ﬁ’9 + \/fﬁé) — e (10.31)

Phc = W+ it — (@he + dfo). (10.32)
R R M
Pac = W+ \fic — (@ac + qack)- (10.33)

Consequently, the profit function of each carrier is

Tn = Phpdis + BPrcdne + Phcdse — (s + FOK. (10.34)
TR = Phcdhc —fioK. (10.35)

By solving the profit maximization problem, we obtain the following flight fre-
quency and quantity:

o ( W22+ B) + K(—32— 178 + 24K(2 + B)))
AB T\ —2(2 + B) + K(48 4 8K(—22 + 24K — 3B) + 158)

2
) , (10.36)

M __ ( W22+ B) + K(—24 — 138 + 8K(4 + 3B))) )2 1037,
Jic =\ 2@ 1 p) + K(@8 + 8K(—22 + 24K —3p) + 158) ) :

R _ 2W(—1 + 4K)(=2 + 4K — B) 2
Jac = (—2(2 + B) + K(48 + 8K(—22 + 24K — 38) + 155)) ) (10.38)

v KW(8 + 32K(—2 + 3K) — B) 10.39
948 = 25004 B) + K(48 + 8K(—22 + 24K — 38) + 158) (1059

KW(5 — 34K + 48K?)
—2(2 + B) + K(48 + 8K(—22 + 24K — 3B) + 15B)
B KW (8 — B + 8K(—6 + 8K + B)))
dic = —2(2+ B) + K(48 + 8K(—22 4 24K — 3B) + 158)’ (10.41)
R 4KW(—1 + 4K)(=2 + 4K — B)
¢ = 521 B) + K(48 + 8K(—22 + 24K — 38) + 158)

qﬁ‘;”cz

, (10.40)

(10.42)
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Consequently, the maximized profits become as follows:

73 = 2KWH—4(2 + B)* + 512K°(13 4+ 98) + K(2 + B)(144 + 618)

—64K*(170 4 B(124 + 9B)) — 8K>(848 + B(663 + 948))

—K*(2016 + B(1712 + 3338))}

/{22 + B) + K(48 + 8K(—22 + 24K — 3p) + 158))}*,  (10.43)
4KW2 (4K — 1)>(2 — 4K + B)?

{=2(2 + B) + K(48 + 8K(—22 + 24K — 3B) + 158))}*"

(10.44)

3 _
Tp =

10.3.4 Major Carrier Enters Route AC and Regional Carrier
Enters Route BC

Finally, we assume that the major carrier enters route AC and the regional carrier
enters route BC. Hereafter, we call this Case 4 (see Fig. 10.1d). In this case, markets
AB and AC are monopolized by the major carrier; in market BC, the major carrier
competes with the regional carrier. Therefore, each demand function becomes as

follows:
1
Phe =W+ 3 (\/f,% + \/f%) — (qye + o) (10.45)
pl;c =W+ fgc - (qll\;/lc + qgc)’ (10.46)
Phc = W+ \fit — die. (10.47)

By solving the profit maximization problem, we obtain the following flight fre-
quency and quantity:

_( WEBR+B) +2KB+B)
i = (24K2+,3(2+/3)—6K(1 +2/3)) ’ (10.48)
w_ [ WEB2HB) +2KB+B) 1\
fac = (24](2 + B2+ B)—6K(1 + Zﬂ)) ) (10.49)
_ WB(=2 + 4K — B) 2
fic = (24K2 + B2+ B) — 6K(1 + 2,9)) ’ (10.50)
2 KW(12K — 58) os)

T 24K2 + B2+ B) — 6K(1 + 2B)’
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Mo 2KW(1 + 4K — 2p)
¢ = 24K2 1 B2 1 ) — 6K(1 1 26)" (10.52)

uo_ KW (12K — 58)
4¢ = 24K + B2 + B) — 6K(1 + 2B)’ (10.53)

B 2KW(=2 + 4K — B)
dhc = SaxT 1 B2+ B) — 6K(1 +2B) (10:54)

Consequently, each carrier’s profit becomes as follows:

mh = 2KWH—B2(2 + B)? + 16K>(9 + 2B(+KB(2 + B)(13 + 128)
—4K*(9 + B(32 4+ 9B))}/{24K* + B(2 + B) — 6K(1 + 2B)}*(10.55)
s _ _ KWP(K - B)BQ2— 4K + B)’

R {24K2 4+ B2 + B) — 6K(1 + 2B)}2° (10.56)

10.4 Comparison of the Number of Passengers

In this section, we compare the number of passengers by using each carrier in each
market. Hereafter, we express case m’s number of passengers using airline £ in
market ij as qf;m

10.4.1 Comparison of Airline M’s Number of Passengers

First, we present the comparison result of market AB. The following Lemma 10.1
shows the result.

Lemma 10.1. When $ < 0.838127, g% > ¢i} > g3 > M} holds. When B >
0.838127, itz > g3 > M} > g3 holds.

First, the number of passengers using airline services depends on the flight
frequency of the major carrier. In other words, a larger flight frequency increases
demand throughout the larger scheduling effect. Therefore, we mainly discuss flight
frequency.

In Case 1, route AB, which influences the number of passengers in market AB,
has two markets: market AB is a monopoly for the major carrier and market AC is
a duopoly for the major carrier. Here, the monopolistic market has larger marginal
revenues of flight frequency than the duopolistic market. Furthermore, monopolistic
market AB gives full-sized marginal revenues for flight frequency on route AB
but duopolistic market AC gives smaller (i.e., half-sized) marginal revenues for it.
Therefore, flight frequency becomes large.
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In Case 2, route AB has markets AB and AC, which are both monopolies.
Therefore, in Case 2, flight frequency depends on the marginal revenues of these
two monopolistic markets. Therefore, flight frequency becomes very large.

In Case 3, route AB has markets AB and BC, which are both monopolies. Here,
market BC has a smaller potential number of passengers (i.e., the density of market
BC is smaller than that of the other markets). In Case 3, flight frequency depends
on the marginal revenues of these two monopolistic markets, one of which has a
smaller passenger density. Therefore, flight frequency becomes somewhat large.

In Case 4, route AB has market AB, which is a monopoly, and market BC, which is
a duopoly. As mentioned above, because market BC has a smaller potential number
of passengers, the marginal revenue from market BC becomes smaller than that from
the duopoly market. Therefore, flight frequency becomes small.

From the above characteristics of each case, we see that Case 2’s scheduling
effect is the largest and Case 4’s scheduling effect is the smallest among these
four cases. Because the larger scheduling effect that arises from the larger flight
frequency leads to a larger number of passengers, it is apparent that g7 is the largest
among the four cases, while ¢/ is the smallest. On the contrary, the comparison
result between g}l and g3 depends on B. When f is large, the marginal revenue
from monopolistic market BC is larger than that from duopolistic market AC, which
leads to a larger flight frequency on route AB for Case 3 than Case 1. Therefore, Case
3’s scheduling effect is larger than that of Case 1’s, resulting in ¢}/J becoming larger
than ¢¥73. Contrarily, when B is not large, the marginal revenue from duopolistic
market AC is larger than that from monopolistic market BC, which makes Case
1’s flight frequency on route AB larger than that of Case 3. Consequently, Case 1’s
scheduling effect is larger than that of Case 3, and thus g%} becomes larger than
ah-

In the following, we present the comparison result of market AC. The following
Lemma 10.2 shows the result.

Lemma 10.2. When < 0.697224, ¢\t > g2 > g1 > ¢2 holds. When B >
0.697224, gh2 > g1t > gt > M3 holds.

To interpret this lemma, we note that the number of passengers in market AC
depends on the flight frequency of both routes AB and BC in Case 1 and Case 2.

In Case 1, market AC is a competitive market. At the same time, as mentioned
above, the number of passengers depends on flight frequency on routes AB and BC.
There are two marginal revenues on both routes; one is a full-sized marginal revenue
from the monopolistic market and the other is a half-sized marginal revenue from
the duopolistic market. Furthermore, because the potential number of passengers
in market BC is small compared with other markets, the marginal revenues from
market BC become somewhat small.

In Case 2, market AC is a monopolistic market for the major carrier. In addition,
as with Case 1, the number of passengers depends on the flight frequency of both
routes AB and BC. On route AB, there exist two monopolistic markets, meaning
that the marginal revenue on route AB is large. On the contrary, on route BC, there
exist a duopolistic market that has full-sized marginal revenues and a monopolistic
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market that has half-sized marginal revenues. Additionally, market BC has a smaller
potential number of passengers than the other markets. Therefore, flight frequency
on this route becomes somewhat small.

In Case 3, market AC is a competitive market. On the contrary, different from
Case 1, the number of passengers depends on only flight frequency on route AC.
On route AC, there exist two marginal revenues: the full-sized marginal revenue
from duopolistic market AC and the half-sized marginal revenue from monopolistic
market BC. Additionally, market BC has a smaller potential number of passengers.
Therefore, flight frequency on route AC becomes very small.

In Case 4, market AC is a monopolistic market. On the contrary, different from
Case 2, the number of passengers depends on only flight frequency on route AC.
Flight frequency on route AC has two marginal revenues. One is from monopolistic
market AC and is full-sized. The other is from duopolistic market BC and is half-
sized. Additionally, market BC has a smaller potential number of passengers than
the other markets.

From the above characteristics of each case, we see that Case 3’s scheduling
effect is the smallest among the four cases; hence, qf(g is the smallest. Next, we
discuss the other comparison results. First, however, market AC in Case 1 is a
competitive market but its market in the other cases is a monopolistic market.
Consequently, qﬁ”C‘ becomes the smallest among the three cases (Cases 1, 2, and
4).

Finally, we discuss the comparison result between Cases 2 and 4. First, we
consider the extreme case of § = 0. In Case 4, there are no connecting passengers;
therefore, flight frequency on route AC depends only on the marginal revenue
from market AC. Hence, flight frequency on route AC becomes very small. On the
contrary, in Case 2, although flight frequency on route BC is small, that on route AB
is very large. Therefore, Case 2’s scheduling effect becomes larger than that of Case
4. As aresult, when B = 0, g} is larger than ¢}*. This characteristic holds when
B is small. However, as 8 becomes very large, the reverse characteristic occurs.
For example, we consider another extreme case that § = 1. Then, in Case 4, flight
frequency on route AC is large and thus the scheduling effect for a passenger in
market AC becomes large. On the contrary, in Case 2, flight frequency on route BC
is very small; hence, the scheduling effect for a passenger in market AC becomes
small. Consequently, when 8 = 1, g}* is larger than ¢}?2. This relationship holds
when S is large.

In the following, we present the comparison result of market BC. The following
Lemma 10.3 shows the result.

Lemma 10.3. When < 0.982143, g¥2 > gt > g% > @32 holds. When B >
0.982143, g > qp¢ = qc = q¢ holds.

To interpret this lemma, we note that the number of passengers in market BC
depends on the flight frequency of both routes AB and AC in Case 3 and Case 4.
Additionally, this lemma’s interpretation is similar to that of Lemma 10.2.

In Case 1, market BC is a monopolistic market. In addition, the number of
passengers depends on flight frequency on route BC. Flight frequency on route BC
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has two marginal revenues. One is from monopolistic market BC, which has full-
sized marginal revenue, and the other is from duopolistic market AC, which has
half-sized marginal revenue. Furthermore, the potential number of passengers in
market BC is smaller than that in the other markets.

In Case 2, market BC is a competitive market. In addition, the number of
passengers depends on flight frequency on route BC. Flight frequency on route BC
has two marginal revenues. One is from duopolistic market BC, which has full-sized
marginal revenue, and the other is from monopolistic market AC, which has half-
sized marginal revenue.

In Case 3, market BC is a monopolistic market. At the same time, as mentioned
earlier, the number of passengers depends on flight frequency on both routes AB and
AC. Onroute AB, there are two monopolistic markets. Therefore, flight frequency on
route AB becomes very large. On route AC, there are two markets. One is duopolistic
market AC, which has full-sized marginal revenue, and the other is monopolistic
market BC, which has half-sized marginal revenue. Therefore, flight frequency
becomes small.

In Case 4, market BC is a competitive market. At the same time, the number of
passengers depends on flight frequency on both routes AB and AC. Here, there are
two markets on each route. One is a monopolistic market that has full-sized marginal
revenue and the other is a duopolistic market that has half-sized marginal revenue.
Therefore, the flight frequency on each route is somewhat large.

From the above characteristics of each case, we see that Case 2’s scheduling
effect is the smallest among the four cases. Consequently, g4Z is the smallest. In
addition, among the other three cases, market BC faces competition in Case 4.
Consequently, gi* becomes the smallest among the three cases.

Finally, we compare Case 1 with Case 3. First, we consider the extreme case of
B = 1. Then, in Case 3, although flight frequency on route AC is not large, flight
frequency on route AB becomes very large. Consequently, by comparing with Case
1, we see that Case 3’s scheduling effect becomes large for a passenger in market
BC. Therefore, ¢4 is larger than ¢}!. This result holds in the range within which
B is sufficiently large. Contrarily, in the range within which g is not sufficiently
large, the reverse result occurs. In Case 3, as 8 decreases, flight frequency on route
AC decreases; hence, the scheduling effect for a passenger in market BC becomes
small. Although Case 1’s scheduling effect also decreases, this becomes larger than
that for Case 3 in the range within which B is not sufficiently large. Therefore, g
becomes larger than g}2.

10.4.2 Comparison of Airline R’s Number of Passenger

Finally, we show the comparison result for airline R’s number of passengers. The
following Lemma 10.4 shows the result.
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Lemma 10.4. When < 0.685546, ¢52 > ¢fl. > g8 > ¢&¢ holds. When B >
0.685546, ¢52. > %% > Rl > gRL holds.

Because airline R always faces competition with airline M, this competition
influences the comparison results. Therefore, we first discuss airline M’s flight
frequency and then airline R’s flight frequency and the number of passengers.

In Case 1, airline M and airline R compete with each other in market AC. As
mentioned in the above subsection, the major carrier’s number of passengers in
market AC depends on flight frequency on the two routes, AB and BC. On both
routes, the flight frequency of airline M has both a monopolistic market that has
full-sized marginal revenue and a duopolistic market that has half-sized marginal
revenue. Additionally, the competitive market has a smaller potential number of
passengers than the other market. Therefore, the flight frequency of airline M has
somewhat large marginal revenues, meaning that the flight frequency of airline M
becomes somewhat large. Contrarily, the flight frequency of airline R is somewhat
small due to the small marginal revenue.

In Case 2, they compete with each other in market BC. The major carrier’s
number of passengers in market BC depends on route BC’s flight frequency. Its
flight frequency has two marginal revenues. One is from duopolistic market BC that
has full-sized marginal revenue and the other is from monopolistic market AC that
has half-sized marginal revenue. Therefore, the flight frequency of airline M has
somewhat small marginal revenue; hence, the flight frequency of airline M becomes
somewhat small. Contrarily, the flight frequency of airline R somewhat increases.

In Case 3, they compete with each other in market AC. The major carrier’s
number of passengers in market AC depends on route AC’s flight frequency. Its flight
frequency has two marginal revenues. One is from duopolistic market AC that has
full-sized marginal revenue and the other is from monopolistic market BC that has
half-sized marginal revenue. Therefore, the marginal revenues of airline M become
small and thus the flight frequency of airline M becomes small. Contrarily, the flight
frequency of airline R increases.

In Case 4, they compete with each other in market BC. As mentioned in the above
subsection, the major carrier’s number of passengers in market BC depends on the
flight frequency of two routes, AB and AC. On both routes, the flight frequency
of airline M has both a monopolistic market that has full-sized marginal revenue
and a duopolistic market that has half-sized marginal revenue. Additionally, the
monopolistic market’s potential number of passengers is larger than that of the
duopolistic market. Therefore, flight frequency on both routes is very large, meaning
that the scheduling effect of airline M becomes very large. On the contrary, because
of the larger scheduling effect of airline M, airline R loses more passengers.

From the above characteristics and assumption that market BC has a lower
potential number of passengers than markets AB and AC, it is apparent that B‘é
is the smallest among the four cases. Therefore, qﬁ% is larger than quc. Additionally,
by comparing Case 1 with Case 3, because airline M’s scheduling effect in Case 1
is larger than that in Case 3 due to the larger marginal revenues in Case 1, we see
that qﬁ% becomes larger than qflc Consequently, qﬁ-’é is the largest among the four
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cases. Finally, we discuss the comparison result of Case 1 and Case 2. First, we
consider the extreme case that § = 1. In this extreme case, the potential number of
passengers in each market is the same. By comparing Case 1’s scheduling effect of
airline M in market AC with Case 2’s scheduling effect of airline M in market BC,
because airline M has larger marginal revenues in Case 1 than in Case 2, we see that
Case 1’s scheduling effect in market AC is larger than Case 2’s scheduling effect
in market BC for airline M. Therefore, ¢! is larger than g}?. Because the number
of passengers in the competitive market has a strategic substitution relationship,
gkl < ¢&% holds. Given this result, as 8 decreases, because the potential number
of passengers decreases, gh= largely decreases. Consequently, when f$ is small,
gkl > g% holds.

10.5 Entry Route Decision by the Regional Carrier

In this section, we analyze the route that the regional carrier enters. Hereafter,
without loss of generality, we assume K = 1.

10.5.1 Given that the Major Carrier Enters Route BC

First, we derive the entry route decision by the regional carrier given that the major
carrier enters route AC. By comparing 7} and 73, we obtain Lemma 10.5.

Lemma 10.5. Given that the major carrier enters route BC, if the potential number
of passengers in market BC (i.e., the density of w in market BC) is larger than 0.853,
the regional carrier enters route BC. Otherwise, it enters route AC.

This mechanism is similar to that presented in Kawasaki and Lin [7]. If the
regional carrier enters route AC, the major carrier becomes a monopoly in both
AB and BC markets, which strengthens its scheduling effect. Because of the very
high scheduling effect of the major carrier, the regional carrier loses passengers in
market AC. On the contrary, if the regional carrier enters route BC, although the
major carrier becomes a monopoly in both AB and AC markets, the influence of
market AB (as a monopoly) disappears on route BC. Therefore, the regional carrier
does not suffer from the major carrier’s strong scheduling effect compared with the
case of entering route AC.

On the contrary, in market BC, the potential number of passengers is smaller
than that in market AC. Therefore, if the regional carrier enters route BC, it loses
passengers. In other words, the regional carrier has an incentive to enter route AC.

Considering the above trade-off, if 8 is smaller than 0.853, the latter effect
is larger than the former. Consequently, the regional carrier enters route AC. In
other words, although the regional carrier suffers from the major carrier’s strong
scheduling effect, it does not want to lose potential passengers. If § is larger than
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0.853, the former effect is larger than the latter. That is, the regional carrier does not
want to compete with the major carrier, which has a strong scheduling effect.

10.5.2 Given that the Major Carrier Enters Route AC

In the following, we derive the entry route decision by the regional carrier given that
the major carrier enters route AC. By comparing 3 and 7, we obtain Lemma 10.6.

Lemma 10.6. Given that the major carrier enters route AC, the regional carrier
always enters route AC.

When the major carrier enters route AC, the entry route decision by the regional
carrier is different from the case that the major carrier enters route BC. In this case,
if the regional carrier enters route BC, it suffers from the major carrier’s strong
scheduling effect as mentioned earlier. Furthermore, because the potential number
of passengers in market BC is smaller than that in market AC, the regional carrier
weakens the incentive to enter route BC. Consequently, in this case, the regional
carrier always enters route AC.

10.6 Entry Route Decision by the Major Carrier

In the previous section, we analyzed the regional carrier’s reaction to the major
carrier’s decision in the first stage. Given the above results, this section derives
which route (AC or BC) the major carrier enters in the first stage.

10.6.1 The Case that B < 0.853

In this case, the regional carrier always enters route AC if the major carrier enters
route BC or AC. Therefore, by comparing 771%4 with nf,l, we obtain Lemma 10.7.

Lemma 10.7. The major carrier enters route BC in the range within which B is
smaller than 0.853.

Intuitively, because the potential demand of market BC is small, we expect
the major carrier to enter route AC. However, Lemma 10.7 demonstrates that our
expectation is violated. In this range, the regional carrier originally has no incentive
to enter route BC. Then, if the major carrier enters route BC, it has a large scheduling
effect. On the contrary, if it enters route AC, its scheduling effect becomes somewhat
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weak due to competition in market AC.® Here, noting that the larger scheduling
effect brings about larger profits, the major carrier enters route BC. Thus, the major
carrier chooses the entry route to seek competitive advantage.

10.6.2 The Case that B > 0.853

In this case, if the major carrier enters route BC, the regional carrier also enters route
BC; if the major carrier enters route AC, the regional carrier also enters route AC.
Therefore, by comparing 7}, with 7}, we obtain Lemma 10.8.

Lemma 10.8. The major carrier enters route BC in the range within which B is
larger than 0.853.

In this case, the regional carrier enters the same route as the major carrier.
Therefore, the major carrier cannot achieve competitive advantage throughout the
larger scheduling effect even when it enters route AC or BC. In the following, the
major carrier is unwilling to compete with the regional carrier in the market that has
a large potential number of passengers. In other words, the major carrier does not
want to compete in market AC. The major carrier realizes that if it enters route AC,
the regional carrier enters route AC; if it enters route BC, the regional carrier enters
route BC. Therefore, to avoid competition in market AC, which has a large potential
number of passengers, the major carrier enters route BC.

By summarizing Lemmas 10.5-10.8, we obtain Theorem 10.9, which is the
subgame perfect Nash equilibrium of the entry route decision game.

Theorem 10.9. The subgame perfect Nash equilibrium with regard to the entry
route decision is that the major carrier enters route BC and the regional carrier
enters route AC (i.e., Case 1) for B < 0.853, while both the major carrier and the
regional carrier enter route BC (i.e., Case 2) for B > 0.853.

Here, we discuss the hub location in the competitive situation. In Kawasaki [6],
it was concluded that the monopolistic carrier does not always choose the hub
airport to minimize the potential number of connecting passengers. This chapter
demonstrated that when the major carrier and entrant carrier compete with each
other, the former does not choose the hub airport to minimize the potential number
of connecting passengers.

In the monopolistic situation, because the carrier wants to strengthen the
scheduling effect, the hub airport is not chosen to minimize the potential number of
connecting passengers. On the contrary, in the competitive situation, if the potential
number of BC passengers is small, to retain competitive advantage, the major carrier
does not choose the hub airport to minimize the potential number of connecting

%Recall that the regional carrier enters route AC to avoid the large scheduling effect of the major
carrier when the latter enters route AC.
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passengers. Moreover, if it is not small, to avoid competition in the market that has
a larger potential number of passengers, the major carrier does not choose the hub
airport to minimize the potential number of connecting passengers. Summarizing,
although the objective is different for the monopolistic and competitive situations,
the major carrier’s strategy does not change in the competitive situation.

10.7 Social Welfare

In this section, we derive and compare social welfare in each case. Assuming that
K = 1, the social welfare of each case becomes as follows:

TW2(997 4+ 7B(=20 + B))

SW = 535 7B . (10.57)
_ W2(38412 + B(—35197 + B(4805 + 2224 — 2945%)))
SWa = 2(123 + B(—85 + 11B))2 ’ (1058)
~ W2(4016 + B(1038 — 798)
SW; = G115 , (10.59)
2 _ _
SW, = W2(360 — B(146 + B(85 + 3B(—14 + ﬁ))))' (10.60)

(18 + B(—10 + B))?

We first find that SW3 is always smaller than SW,. In the following, we compare the
other levels of social welfare. As a result, we can obtain Fig. 10.2. As a result, we
obtain Theorem 10.10.

Theorem 10.10. When B is smaller than 0.9657711, the case that both the major
carrier and the regional carrier enter route BC (i.e., Case 2) is socially preferable.
When B is larger than 0.9657711, the case that the major carrier enters route AC
and the regional carrier enters route BC (i.e., Case 4) is socially preferable.

Theorem 10.10 argues that the regional carrier should always enter route BC,
which has a smaller potential number of passengers, from the viewpoint of social
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Fig. 10.2 Comparison result of social welfare
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welfare. On the contrary, the socially preferable entry route of the major carrier
depends on f. First, we discuss the case that § is larger than 0.9657711. In
this range, when both carriers enter the same route, the flight frequency of the
major carrier on its route becomes small. Consequently, the scheduling effect of
the major carrier becomes small. Hence, the larger scheduling effect brings about
larger demand and larger utility. Therefore, as the scheduling effect of the major
carrier decreases, its demand decreases and the utility of using the major carrier
also decreases. Consequently, the case that both carriers enter the same route is not
socially preferable in this range.

Furthermore, the case that the major carrier enters route BC and the regional
carrier enters route AC is also not socially preferable. In the market that has a
greater potential number of passengers, by allowing the major carrier to operate
monopolistically, the flight frequency of the major carrier increases. As a result,
more passengers can enjoy the larger scheduling effect. If the major carrier enters
route BC and the regional carrier enters route AC, the flight frequency of the major
carrier becomes somewhat small due to the small potential demand of market BC,
meaning no more passengers enjoy the larger scheduling effect. Consequently, the
case that the major carrier enters route AC and the regional carrier enters route BC
is socially preferable in this range.

On the contrary, in the range within which § is smaller than 0.9657711, the
socially preferable case differs. In this range, because the potential number of
passengers in the BC market is small, even when a passenger in market BC
uses connecting services, the larger scheduling effect hardly occurs. Consequently,
to bring about a larger scheduling effect, a passenger in market AC should use
connecting services. On the contrary, if the major carrier and regional carrier
compete with each other in market AC, demand for the major carrier decreases;
thus, the flight frequency of the major carrier decreases, which decreases the
major carrier’s scheduling effect. Therefore, to avoid competition in market AC,
the regional carrier should enter route BC from the viewpoint of social welfare.

10.8 Extension

The above analysis assumed that the per-seat cost is zero. However, according to
Brueckner [2] and others, this cost is also important for expressing economies
of density, which is an important characteristic in the airline industry. Therefore,
following Brueckner [2], we introduce the per-seat cost and re-analyze each carrier’s
entry route problem.

Following Brueckner [2], this chapter denotes the per-seat cost as t, which is
common to both carriers. To satisfy a positive quantity, we assume that0 < v < 1/3.
Then, when expressing the number of seats per flight as s, the carrier’s operating
cost per flight is C; = K + ts,. Because airline £ flies f; times on one route, the total
cost on one route becomes fy x Cy = fy K+ ts¢f;. Here, because it is assumed that the
load factor equals 100 %, the total number of passengers on one route always equals
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the total number of seats (= sy X fz). Therefore, each carrier’s cost on one route can
be expressed as f; K + tQ,, where Q, denotes the total number of passengers on one
route.

From the above discussion, each carrier’s profit function becomes as follows:

= Bu(ply — Dl + Bu @l — 0 + Bipll —20)q — () + FIDK.
(10.61)

7R = Bt — )", — R K. (10.62)

Here, i,h,j = A,B,C (i # j # h), and m,n = A,B,C (m # n). Additionally,
Bap = Bac = 1 and Bgc = PB. By solving each profit maximization problem
by quantity and flight frequency as in Sect. 10.3, we obtain the profit-maximizing
quantity and flight frequency. Here, we omit the detailed values.

Then, by using the profit-maximizing values, we obtain each case’s profits. Here,
we assume that K = W = 1. In the following, we denote Case s’s profit of carrier £
as
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,  BG—B)(1T+ 11B(—1 + 1) — 147)?
Tk = (123 + B(—85 + 118)) ’ (10.66)
1632(—1 + 7)% — +28%(=2 + 37)(=50 + 1197)

+4B(257 + 317(=35 + 41))

= 60 1187 , (10.67)
27(4(1 — 1) + B(-2 + 31))?
g = 2 (gg_ 1/3 1(,3)2 2 (10.68)

= {432 — 4B(70 + B3 + (=8 + B)B) — 8641 + 48(20 + (104
+B(—41 + 48)))T + (432 + B(488 + B(—596 + 3(58 — 58)8))7%}
/((2(18 + (=10 + B)B)Y). (10.69)

_BE-BR+B(—4+1)+ 1)
N (18 + (=10 + B)B)?

(10.70)

Bl
s

The comparison results of 77} with 3 and of 7} with 74 are shown in Fig. 10.3.
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Fig. 10.3 The comparison
results of 77} with 72 and of
7} with 7p
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Given these comparison results, we derive the major carrier’s entry route. In
range (a), we compare 71,},, with n,%. As aresult, we find that when 7 is large (small),
73, is larger (smaller) than 7;,. In range (b), we compare 7}, with 7, with 7r},. As a
result, we find that 7}, is always larger than 7},. In range (c), we compare 77, with
73, As aresult, we find that 77, is always larger than 73,. Consequently, we obtain
Fig. 10.4, which denotes the subgame perfect Nash equilibrium of each range.

When 7 is small, the result obtained in Sect. 10.6 now holds. However, as t
becomes large, the equilibrium drastically changes as follows. When introducing the
per-seat cost 7, the major carrier does not want to increase the number of connecting
passengers because these incur the per-seat cost twice. Actually, in range (a) in
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Fig. 10.3, when t is small, the major carrier enters route BC to increase the number
of connecting passengers and the scheduling effect. However, as t increases, the
major carrier does not enter route BC, and alternatively enters route AC to decrease
the number of connecting passengers. In range (), even airline R does not want to
increase costs. Consequently, if airline M enters route AC, airline R chooses to enter
route BC to decrease costs. At the same time, when airline M enters route BC in
this range, more passengers use connecting services. Consequently, to avoid more
passengers using connecting services, airline M enters route AC even though the
scheduling effect decreases.

10.9 Concluding Remarks

This chapter examined which routes (i.e., those having a large or a small potential
number of passengers) major and entrant carriers enter as well as the socially
preferable entry pattern. To address these problems, we assumed that three markets
exist in this model and that the potential number of one market is smaller than that
of the other two markets. Moreover, the incumbent carrier has already entered the
market that has a greater potential number of passengers. Given this situation, each
incumbent and entrant carrier chooses only one entry route. First, the incumbent
carrier expects the entry route of the entrant carrier and chooses the entry route for
the first time. Then, realizing the incumbent’s entry route, the entrant carrier chooses
its entry route. By considering this situation, this chapter derived the subgame
perfect Nash equilibrium with regard to the entry route of each carrier.

A number of findings can be drawn. When the potential number of passengers in
a market is large, both the major carrier and the entrant carrier enter the same route
(i.e., the one that has a small potential number of passengers). When the potential
number of passengers in its market is not large, the major carrier enters the route
that has the small potential number of passengers and the entrant carrier enters the
route that has the large potential number of passengers. This result can be interpreted
as that the major carrier does not choose the hub airport to minimize the potential
number of connecting passengers in a competitive situation.

From the viewpoint of social welfare, the following results were obtained. When
the difference in the potential number of passengers between markets is not small,
it is socially preferable for both the major and the regional carrier to enter the route
that has a smaller potential number of passengers. When its difference is small,
however, it is socially preferable for the regional carrier to enter the route that has a
smaller potential number of passengers and the major carrier to enter the route that
has a greater potential number of passengers.

Furthermore, by introducing the per-seat cost, we derived the subgame perfect
Nash equilibrium. We found that if the per-seat cost is small, the same result as
obtained earlier holds; however, if this cost becomes large, different results occur.
Thus, to avoid an increase in operating costs, a major carrier does not choose the
entry route to increase the number of connecting passengers.
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Finally, we discuss the limitations of this chapter. First, it omitted the difference
in operating costs between the major carrier and the entrant carrier. Recently,
new carriers are mainly LCCs. Therefore, future research should discuss how this
cost difference influences the results obtained here. Second, this chapter omitted
the additional travel time cost for connecting passengers. Many studies of airline
network formation argue that the additional travel time cost is also important for
network formation. With regard to this shortcoming, this chapter also ignored
the probability of adopting a point-to-point network. Assuming that there is no
additional travel time cost meant that omitting the point-to-point network is rational.
However, if an additional travel time cost is introduced, the point-to-point network
should also be considered. Finally, this chapter assumed that the entrant carrier
enters only one route. Future research might consider these important problems.

References

1. Bamberger, G. E., & Carlton, D. W. (2006). Predation and the entry and exit of low-fare carriers.
In L. Darin (Ed.), Advances in airline economics: Competition policy and antitrust (Vol. 1,
pp- 1-23). Boston: Elsevier.

2. Brueckner, J. K. (2004). Network structure and airline scheduling. Journal of Industrial
Economics, 52,291-312.

3. Brueckner, J. K., & Flores-Fillol, R. (2007). Airline schedule competition. Review of Industrial
Organization, 30, 161-177.

4. Flores-Fillol, R. (2010). Congested hub. Transportation Research Part B, 44, 358-370.

5. Kawasaki, A. (2008). Network effects, heterogeneous time value, and network formation in the
airline market. Regional Science and Urban Economics, 38, 388—403.

6. Kawasaki, A. (2012). Hub location with scheduling effects in a monopoly airline market. Annals
of Regional Science, 49, 805-819.

7. Kawasaki, A., & Lin, M. H. (2013). Airline schedule competition and entry route choices of
low-cost carriers. Australian Economic Review, 52, 97-114.

8. Lin, M. H., & Kawasaki, A. (2012). Where to enter in hub-spoke airline networks. Papers in
Regional Science, 91, 419-437.

9. Oum, T. H., Zhang, A., & Zhang, Y. (1995). Airline network rivalry. Canadian Journal of
Economics, 28, 836-857.



	10 The Network Analysis of Transportation
	10.1 Introduction
	10.2 Model
	10.2.1 Passengers' Utility Function

	10.3 The Decision on Flight Frequency and Quantity
	10.3.1 Major Carrier Enters Route BC and Regional Carrier Enters Route AC
	10.3.2 Major Carrier Enters Route BC and Regional Carrier Enters Route BC
	10.3.3 Major Carrier Enters Route AC and Regional Carrier Enters Route AC
	10.3.4 Major Carrier Enters Route AC and Regional Carrier Enters Route BC

	10.4 Comparison of the Number of Passengers
	10.4.1 Comparison of Airline M's Number of Passengers
	10.4.2 Comparison of Airline R's Number of Passenger

	10.5 Entry Route Decision by the Regional Carrier
	10.5.1 Given that the Major Carrier Enters Route BC
	10.5.2 Given that the Major Carrier Enters Route AC

	10.6 Entry Route Decision by the Major Carrier
	10.6.1 The Case that β≤0.853
	10.6.2 The Case that β≥0.853

	10.7 Social Welfare
	10.8 Extension
	10.9 Concluding Remarks
	References


