Original Article 1

Who should own component airports?”

Akio Kawasaki'
Faculty of Education, Kagoshima University

(Received 25 October, 2011)

Abstract

This paper investigates who should own airports; national government or local government. This
paper assumes that there are two types of component airports. These airports charge an airport
price to carriers to maximize (1) national social welfare when the airport is owned by the national
government, or (2) local social welfare when it is owned by the local government. In addition, it is
assumed that when the airport is owned by the national government, the cost of managing the airport
is higher than when it is owned by the local government.

Using a simple model, this paper demonstrates the following. When the cost difference between
the national-ownership and local-ownership airports is small, it is socially preferable that one airport
is owned by the central government and the other is owned by the local government. When the
costs difference is large, it is socially preferable that each airport is owned by its respective local
government.
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1 Introduction

In recent years, studies on airport pricing have been aggressively pursued. This is because major airports
suffer from congestion. Under this situation, some prescriptions to airport congestion have been proposed
by many papers. One way is congestion tax. Congestion is an external diseconomy. Therefore, we believe
that the Pigouvian tax will improve social welfare under congestion. The other way is slot trading. We
also think that it is socially preferable that the carriers exchange slots for money. That is, a carrier for
whom the value of an airport slot is low sells the slot to another carrier for whom the value of the slot
is high. With regard to slot trading, Brueckner (2009) and Verhoef (2010) are the recent represe'ntative
papers.

Slot auctions are another way of dealing with the congestion problem. We realize that an efficient
resource allocation can be realized by using an auction. This can also hold in airline slot markets.
Brueckner (2009) and Basso and Zhang (2010) analyze the slot auction problem!.

The representative paper on airport congestion pricing is Brueckner (2002)2. Brueckner (2002) argues
that the traditional Pigouvian congestion pricing is excessive for an airline with market power. This is
because an airline can partially internalize congestion. Brueckner (2002) was followed by multiple papers
on airport pricing. For example, Brueckner (2005) introduces the factor of network structure and analyzes
the airport congestion pricing. As a result, he demonstrates that the airport charge must be equal the
congestion from an extra flights times one minus the carrier’s airport flight share. Here, we note that
this conclusion argues that an airline can internalize some of the congestion effects. Brueckner and Van
Dender (2008) also demonstrate that because airlines can internalize some congestion, congestion pricing
should be lower than the traditional congestion pricing. In addition, Flores-Fillol (2010) considers some
factors affecting congestion and shows some interesting results.

We particularly focus on one of the preceding works: Pels and Verhoef (2004). They take note of the
fact that Brueckner (2002) do not consider airline scheduling. Therefore, Brueckner’s (2002) congestion

pricing does not contain the market power effect. Pels and Verhoef (2004) criticize this point, and show

1With regard to the slot allocation, there exist some papers. Madas and Zografos (2006) and Sieg (2010) are among the
examples.
2Zhang and Zhang (2006) is also one popular paper about the airport congestion pricing.
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that if the market power effect is ignored, the introduction of congestion airport pricing worsens social
welfare under certain conditions.

In addition, Pels and Verhoef (2004} are concerned with the manner of regulation, that is, cooperation
to maximize joint welfare (policy coordination) and form of tax competition (policy competition). They
show that both policies yield similar results.

Further, in the previous studies on airport pricing including the ones mentioned, the factor of the
complement of airports has been ignored. That is, carriers must use two complementary airports when
supplying their airline services®. Then, if both airports used by the carriers are congested, each carrier
will have to pay the airport charge when it takes-off from a congested airport and lands in another
congested airport and vice versa*. Considering the above probability, it is natural to consider that both
airports’ pricing influences the airline’s strategy. However, in the previous studies, only one airport’s
pricing is considered.

In addition, when the ownership of the airport is different, the objective function to decide the airport
charge is also different. For example, in Japan, there are three type of airports: national-ownership
airports (owned by the national government}, local-ownership airports (owned by local governments),
and private airports. In Japan, almost all airports are national-ownership or local-ownership airports.
More importantly, in national-ownership airports, the national government decides the airport pricing;
in local-ownership airports, the corresponding local governments decide the airport pricing.

In the previous studies, the airport charge was decided to maximize total welfare. As such, this paper
considers two ownership patterns: national ownership and local ownership. In a national-ownership
airport, the national government decides the airport charge to maximize total social welfare. In a local-
ownership airport, the corresponding local government decides the airport charge to maximize local
social welfare. Considering the complementary of airports, the difference in airport ownership may
yield unexpected inefficiencies. Moreover, we do not consider private airports. With regard to airport
privatization, see Vasigh and Mehdi (1996), Zhang and Zhang (2003), Fu, et al. (2006}, Basso (2008),

Matsumura and Matsushima (2010), etc.

3Matsumura and Matsushima (2010) introduce this factor and analyze the airport privatization problem.
4For example, Fukuoka and Haneda Airports are a pair of congested airports in Japan.
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In this paper, the airport pricing problem is analyzed using a two-region model where two carriers
compete in flight frequency and quantity. It is assumed that when the national government owns and
manages the airport, the managing cost is higher than that when the local government owns and manages
it. Then, we consider three cases: both airports (namely, airport 1 and airport 2) are owned by the
national government (NN), one airport (namely, airport 1) is owned by the national government and
the other (namely, airport 2) is owned by the local government (NL), and the final case is that each
local government owns respective airports (LL). Given these situations, this paper derives the airport
charge, the airport profits, the airline profits, the social welfare, and the regional welfare in respective
case. Then, we compare each outcome with each case. Then, comparing the social welfare, we conclude
which case is socially preferable. Finally, comparing the welfare of each region in each case, we present
the influence of the airport ownership pattern on regional welfare.

This paper demonstrates the following. With regard to airport 1’s pricing, when the managing cost
under national ownership is small, the airport charge for LL is the highest and that for NL is the lowest.
When the managing cost becomes slightly larger, the airport charge for NN is higher than that for LL.
When the managing cost increases even further, the airport charge for NL is higher than that for LL.
When the managing cost is very large, the airport charge for NL is the highest and that for LL is the
lowest. With regard to airport 2’s pricing, the following conclusions are obtained. When the managing
cost is small, the airport charge for NN is the lowest and that for NL is the highest. When the managing
cost increases, the airport charge for NN is higher than that for LL. Then, when the managing cost
increases even further, the airport charge for NV is higher than that for VL. When the managing cost
is very large, the airport charge for NN is the highest and that for NL is the lowest.

Next, we analyze the airports’ profits. At airport 1, when the managing cost under national ownership
is small, the profit for NN is the highest and that for NL is the lowest. When the managing cost is
moderate, the profit for LL is the lowest. When the managing cost is high, the profit for NN is the
lowest. At airport 2, when the managing cost is small, the profit for NL is the highest and that for LL is
the lowest. When the managing cost is moderate, the profit for NNV is the lowest. When the managing

cost is large, the profit for LL is the highest. When the managing cost increases further, the profit for
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NL becomes the lowest.

Finally, we compare the social welfare for the three cases. When the managing cost is small, NL
is socially preferable; when it is large, LL is socially preferable. In addition, in the range where NL is
socially preferable, region 1’s welfare is the lowest and region 2’s welfare is the highest. In the range
where LL is socially preferable, region 1’s welfare is the highest among three cases. In region 2, if the
managing cost is moderate, LL is not preferable, and if it is high, LL is preferable.

This paper makes the following contributions to the existing literature. First, introducing the com-
ponent relationship of an airport, we obtain that the airport charge is strategic substitute. From this
relationship, we can conclude that the airport charge obtained in the previous studies is excessive. Sec-
ond, this paper considers some patterns of airport ownership, which are not analyzed in the previous
studies. As a result, we are aware that when the national government’s management of an airport is
somewhat inefficient (that is, incurring a somewhat higher managing cost), the local government should
manage at least one airport. This is because, only when there exists one national-ownership airport, can
the inefficiency from the local-ownership airports can be internalized. However, if the management cost
incurred by the national government is very large, all airports should be managed by local government.
Finally, analyzing social welfare, we can prove that the socially preferable airport ownership pattern
sometimes worsens welfare in one region. Consequently, the national government must attend to the
concerns between regions when the pattern of airport ownership changes.

This paper is organized as follows. The following section presents a model for airport pricing. In
section 3, the strategies of a competitive airline are derived. Given these results, section 4 derives the
airport pricing in each case. In section 5, the outcomes (airport charge, airline profit, and airports’ profit)
in each case are compared. In section 6, we compare the social welfare for each case and conclude which
ownership is socially preferable. Section 7 analyzes the social welfare of each region, and discusses whether

the national government’s decision is preferable for each region. Section 8 presents the conclusions and

directions for future research.
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2 Model

There are two regions in one country. We refer to them as region 1 and region 2. In each region, there is
one congested airport; we refer to region j’s airport as airport j (j = 1, 2). There are two airlines: Airline
A and Airline B. Each airline flies from region 1 to region 2 and back f; (i = 4, B) times per day.

Each airline must pay an airport charge when using the airport facilities. The airport charge is
expressed as k;. Because each airline uses the airport facilities f; times, the total payment is (k1 + k2) fi-
In other words, each airport gains the airport charge (f4 + fz)k;.

Following Pels and Verhoef (2004) and Flores-Fillol (2010), this paper assumes that each airline incurs
a congestion cost at each airport when it takes off from or lands at an airport. That is, when using airport
J, each airline incurs the marginal congestion cost 2(f4 + fg). Because each airline must use both airports
1 and 2, the total congestion cost is 4(f4 + f5)f; (i = A, B). As each airline must pay the airport charge,
its costs becomes (ky + k2 + 4(fa + fB)) fi-

The following is with regard to the cost of managing an airport (airport management cost). When
airlines use an airport, each airport incurs various costs. Here, we assume that these costs are different
for national-ownership airports and local-ownership airports. Hereafter, we assume that the management
cost when the national government owns an airport are higher than that when the local government owns

it. Therefore, the airport management cost is expressed as follows:

e(fa+ fg)?  if the national government owns the airport,
C(fa, fB) = 1)

(fa+ fg)?>  if the local government owns the airport.

Here, ¢ > 1 is presumed.

In each region, there exist many potential airline passengers. Each passenger gains a benefit from
using the airline service. Following Brueckner (2004) and Kawasaki and Lin (2011), we assume that this
benefit is the sum of the travel benefit and the reduction in the schedule delay cost.

We assume that the travel benefit derived from the flight service varies among passengers. Here, a

passenger’s travel benefit is expressed as r. The benefit r is assumed to be uniformly distributed over
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the interval [—oo, R] with density one.

The waiting time of passengers using an airline decreases when the airline increases its flight frequency.
This provides a passenger with greater convenience; this implies that a passenger’s benefits increase
when the fight frequency increases®. Hereinafter, following Kawasaki (2007) and Flores-Fillol (2009), the
reduction in the schedule delay is represented as o f;. Further, in order to guarantee a positive demand
{and price), we assume that 2 < a < 5.

On the other hand, when airline schedules are delayed due to congestion, a passenger incurs a disutil-
ity®. Therefore, this paper assumes that when airlines increase the flight frequency, a passenger’s utility
decreases because of the delay in schedule owing to congestion, which we refer to as congestion damage
in Flores-Fillol (2010). In this paper, this congestion damage is expressed as —(f1 + f2).

The airfare is expressed as p;. As a result, the utility function of each region is

U=r+afi— (i +f2) - i (2)

We assume that when a passenger does not use the airline, the utility becomes zero. Consequently, the
passenger who gains a utility larger than zero uses the airline service.

Here, it is noteworthy that the passenger in each region has the same utility function. Consequently,
we need not differentiate the utility function between regions. In addition, since both regions’ passengers
use an airline service, both airlines gain revenues from both regions’ passengers.

This paper considers the following two-stage game. In stage 1, each airport decides its charge. In
stage 2, given the airport charges, each airline simultaneously decides its flight frequency and quantity.

Solving this game by backward induction, we derive the Subgame Perfect Nash Equilibrium.

5This assumption has been made by a number of airline studies. See Oum, et al. (1995), Brueckner (2004), Brueckner

and Flores-Fillol (2007), and Kawasaki (2008).
6This assumption is in the line of Flores-Fillol (2010) and Brueckner and Van Dender (2008).
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3 Airline’s strategy

This section analyzes the strategies of each airline, that is, flight frequency and quantity. First, we derive
the demand function. It is noteworthy that the demand function of regions 1 and 2 is the same. Therefore,
without loss of generality, we derive region 1’s demand function.

As mentioned in the model, only the passenger who gains a non-negative utility uses the airline service.
In addition, for both carriers to be used by a passenger, U; = Us must hold. Here, it is noteworthy that
the term —(f; + f2) is the same for each utility function. Therefore, defining p; — af; = ¢, only the

passenger for whom r > (fi + f2) + ¢ uses the airline. Consequently, the demand function is
pi=R+(a—1)fi — fj —(qa+gB)(E # J). 3)
Therefore, the profit function of Airline 7 is
m=2R+ (o~ 1)fi—f; — (qa +9B))ai — (k1 + ka2 + 4(fa + fB)) f:. (4)

Solving the profit maximization problem by ¢; and f;, the Nash equilibrium is as follows:

- 3(k1 + kz) — 2(01 - I)R - (Oé — 2)(k1 + k2) —12R

2% —6a—32 % 2(0” — 30 — 16) )

fi

Substituting these outcomes into each profit function, we get the profit as

.- (k1 + k2)?(—202 + ba + 16) 4 (a® — 40? — o + 16)(2ks + 1) R — 16(a? — 20: — 8} R? ©)
T 2(a? — 3o — 16)2 )

From the airline profit, we obtain following lemma:

Lemma 1 When ki + k> > (<)%§§f—;g€%, the profit of each airline decreases (increases) with the

airport charge.

In the following, we present the above intuitive interpretations. When the airport charge increases,
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the flight frequency decreases. As a result, the revenue decreases through the scheduling effect”. However,
because of the reduction in congestion damage, an effect that increases the profit also exists. On the
other hand, from the viewpoint of the airline’s cost, as flight frequency decreases, the congestion cost
also decreases. In addition, the total airport charge payment may also decrease. Consequently, the cost
reduction effect exists.

Comparing these effects, when the total airport charge is low (high), if the airport charge increases,
the decrease in profit through the scheduling effect is smaller (larger) than the increase in profit through
the reduction in the cost and congestion damage from the higher (lower) flight frequency. As a result,

the airline profit increases (decreases).

4 Airport charge

First, we must define welfare. Here, without loss of generality, it is assumed that each airline profit is

equally divided into each region. Therefore, the welfare from the viewpoint of the national government

is defined as follows:

B 2 B
W":ZCSj+Z7ri+ZHj' (7)
J=A =1 j=A

Here, CS; refers to the consumer surplus in region j and II; is airport j’s profit. In the following, the
welfare from the viewpoint of local government j is defined as
2
Wj:CSj‘F—ZZ_Tli-f-H]’. (8)
We analyze the following three cases:

(1) both airports are owned by the national government (NN);
(2) one airport is owned by the national government and the other is owned by the local government
(NL);

(8) each airport is owned by its respective local government (LL).

7This term implies that a passenger’s benefit increases with flight frequency. See Kawasaki and Lin (2010).
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41 NN

In this case, the objective function for the national government is

W, = (qa+qB)2 +7a + 75 + (ki + k2)(fa + fB) — 2¢(fa + B)% 9)

Here, it is noteworthy that the outcomes of f; and ¢; are as derived in section 3. In addition, since
airports 1 and 2 are symmetric, we can assume that k; = ko = k without loss of generality. Using this
assumption and solving the above welfare maximization problem, the airport charge is

B 3((a—1)c+2)
T —a?2+4a+14+9¢

Y = 10)

Consequently, we derive the flight frequency, demand, profit of each airline, profit of each airport, and

social welfare. These are listed in table 1.

Table 1: Solutions for NN

Flight frequency f B = —grriomm it
— 3(ct2
Demand gVV =gV = S R
Airline profit ‘]XN ,n.NN 2(— (3c+4)ci(;f::i%)iti§2+300+32) R2

Airport profit | I¥Y = IIFN = 22 +22<£?9ti32R2
Regional welfare | SWHN = SWH¥N = ﬂ%ﬁ R2

NN _ 8(c+2) 2
SW a§+4a+90+14R

Social welfare

42 NL

In this subsection, we assume that the national government owns airport 1 without loss of generality.
The national government decides the airport charge &; to maximize the welfare expressed in (9). Airport

2, which is owned by the local government, sets ks to maximize

Wa = l((h +q)* + +ka(fL+ f2) = (fr + f2)° (11)

T+ 72
2 2
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As a result, we can obtain following reaction functions:

+B+a+(a—1)
—202 +8a+37+9¢

2a? — 8a — 46 —a® +4a? + 250 — 4
Tt 17at 0t T T a2 T TTa+ 94

ky = —ky + 12)

ke = (13)

From equations (12) and (13), we find that k; and ko are strategic substitutes. When k; increases, the
flight frequency of each airline decreases. Consequently, the welfare in region j (or the national welfare)
decreases. In order to improve welfare, the local government of region j {or the national government)
must lower the airport charge and let each airline increase its flight frequency.

Solving the above system, we can obtain that

_ —20° 41007 4 (23 — 21c)a — 115 + 33¢

N 3(2a2 — 8a — 37— 9¢)

GNL 203 — 1002 + (3¢ — 41)a + 61 — 15¢
2 3(20% —8a —37—9¢c)

kNL R, (14)

R. (15)

The other outcomes are listed in table 2.

Table 2: Solutions of NL case

Flight frequency | f3% = fit = 222 R
NL _ _NL _ 3(c+5)
Demand ai" =a5" = orsateam B

NL _ _NL _ 2(—=2a°(3¢+11)4+2a(9c+29)+9c> 4 78¢c+197,
TaA g~ = (—2a%+8a+9c+37)2 LR?
ONL — 4(a—2)(2a"—10a‘+(90—23)a—9c+115)R2

1 3(—202+8a+9c¢+37)2
VL — 4(2—a)(—2a®+100% —a(3c—29)4+15¢—37) R2

2 T 3;(—-2a2;8a+9c+37)22

NLA4(2a" ~14a” —36a”+248a+27¢"+270c4403 2
SWI 3(—2a2+8a+9c+37)2 : R
SW;{VL _ —2a4+14a3—12(c+2)a2+8(6c—1)a+27c2+222c+707Rg
3(—202+8a+9c+37)2
Social welfare SWNL — __8lc43) ___p2

—20248a+49c+37

Airline profit

Airport profit

Regional welfare

4.3 LL

In this case, each local government decides the airport charge to maximize its regional welfare.

m + 2

Wi = =(qa +qn)? + +ky(fa+ f5) — (fa+ f5)* (16)

2
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Solving the welfare maximization problem by k;, the following reaction function is derived:

—2a? + 8a + 46 a® —4a? — 250+ 4

;i R.
5a2~17a—94k it 502 — 17a — 94 an

kj=—

Equation (17) expresses that each airport charge is a strategic substitute. The underlying reasoning is

similar to that with NL.

Here, comparing the results obtained in previous studies, we realize that the congested charge should

be lower when considering the supplement characteristics of the airports®.

Solving the above system, the following airport charge is obtained:

a® —40® — 25+ 4
Ta? — 25a — 140

P (18)

The other outcomes are listed in table 3.

Table 3: Solutions of LL case

- LL _ ¢LL _ 4(a—2)
Flight frequency | f4" = f5" = g it
LL _ LL _ _a’—-3a—52
Demand Q4" =45 = 5o ssaiam i

LL _

1. 2(5a7—300a° —227a” +784a+2416
Airline profit | wkl = gkt — 206 =30« o +78a72416) g2

(7Ta?—25a~140)2
il LL _ 77LL _ 8(=a*+6a°+9a°—22a—24) p2
Airline profit | IIy* = II3~ = 7o 1250 140)7 R

i LL _ LL _ 4(a*—60a"-1430°+504a+2512) p2
Regional welfare | SWi* = SWy™ = Fa?—o5a 14007 R

. LL _ 8(a*—6a”—1430*+504a12512) p2
Social welfare SWHs = (7a? —35a—140)7 R

5 Comparison of the outcomes

5.1 Airport charge

First, we compare Airport 1’s pricing for each case. Fig. 1 expresses the result of this comparison.

8The result for k; = 0 corresponds with the results obtained in the previous studies.
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k NL
1 k]
NN
kq
: LL
avZe g
o/
1 ¢1 ¢ €3 ¢

Figure 1: Comparison of airport 1’s pricing

Here, c3 = £ (=502 + 11a + 124 + v121a% — 78203 — 299102 + 139120 + 38032), 1 = 5(—a® + 30+
72 6

22), and ¢; = £ (—a? + 3a + 28). From Fig. 1, we obtain Proposition 1.

Proposition 1 Comparing airport 1’s charge for each case, we have (1) when 1 £ ¢ < ¢, kL >
KN > kNL: (2) when ¢; < ¢ < ca, kYN > kFE > BVE; (3) when ¢ < ¢ < cs, kYN 2 kYE > k{E; and

(4) when ¢ > ¢z, kNVE > kNN > kLE.

Next, we compare airport 2’s pricing. Fig. 2 expresses the result.

ko

]{ZNN

kLL

]{ZNL

Figure 2: Comparison of airport 2’s pricing
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Here, ¢4 = (o — Ta+28+v97a? — 686a” — 263102 + 13384a + 37264). We thus have Proposition

Proposition 2 Comparing airport 2’s charge for each case, we have (1) when 1 < ¢ < ¢, ENE >
KL > kNN (2) when ¢ < ¢ < ca, kYE > kYN > kEE; (3) when ey < c < ey, BN > kYL > kZE; and
(4) when ¢ > cg, kYN > kEE > kYL

When ¢ is sufficiently small (that is, ¢ < ¢;), if the national government owns an airport, it can
set a lower airport charge. Then, if the other airport is owned by the local government, the national
government sets a higher airport charge since the pricing of airport 1 and that of airport 2 are strategic
substitutes. Since the national government can expect the local government’s reaction, it sets a lower
airport charge. Similarly, the local government expects the national government’s reaction and sets a
higher airport charge.

If both airports are owned by the national government, there is no strategic relationship. Consequently,
in airport 1, the national government need not set an airport charge that is lower than that for NL; in
airport 2, the national government sets a lower airport charge. If each airport is owned by its respective
local government, each local government does not consider the influence of the other region’s airport
congestion. Consequently, they set a higher airport charge.

When c is slightly large (that is, ¢1 < ¢ < ¢2), if the national government owns the airport, it sets
a slightly higher airport charge. Then, if the other airport is owned by the local government, the same
logic as mentioned above holds. As a result, in airport 1, k' is still the lowest. However, when the
national government owns both airports, the airport charge is higher due to the higher managing cost.
As a result, kIVV is larger than kF* (i = 1,2). In addition, if ¢; < ¢ < ¢4, kL is still the highest due to
the strategic relationship. Otherwise, k% is the highest because of the higher managing cost. Finally,
it is apparent that k& is the lowest in both ranges, because the managing cost under local ownership is
small.

When c¢ increases even further (that is, ca < ¢ < ¢3), if the national government owns the airport, it

sets a higher airport charge. Then, if the other airport is owned by the local government, it must lower
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the airport charge due to the strategic relationship. As a result, k3’ is the lowest and k{v L is larger than
kL. If both airports are owned by the national government, ki¥V is the largest because of the higher
managing cost.

When c is very large (that is, ¢ > ¢4), if the national government owns one airport, it sets a very
high airport charge. Consequently, if the local government owns the other airport, it must set a very
kYL

low airport charge. Therefore, is the lowest. Given this expectation, the national government sets

a higher airport charge. As a result, kI¥* is the highest. Finally, since the managing cost under national

ownership is higher than that under the local government, it is apparent that kNV > kFZ.

5.2 Airline profit

This subsection compares airline profit for three cases. Before this analysis, we compare the flight
frequency for each case because the airline profit mainly depends on the flight frequency. Lemma 2

expresses the result.

Lemma 2 Comparing the flight frequency for each case, we have (1) when 1 < c <ci, f¥V > fNL >

FEL; (2) whene; < c < 2—63, AN > fLL > fNL. and (3) when ¢ > co, fFF > fNN > fNL

These results depend on the total airport charge. That is, the higher the total airport charge, the
lower is the flight frequency. Consider the case where ¢ is small. In NL, although the local-ownership
airport sets a high airport charge, the national-ownership airport sets a very low airport charge. As a
result, the total airport charge for NL is the lowest. In LL, since both the local-ownership airports do
not consider the other airport, both set a high airport charge. Consequently, the total airport charge for
LL is the highest.

When c increases, the charge set by the national-ownership airport is high. Consequently, when c is
moderate, the total airport charge for NN is higher than that for LL; when c is large, the total airport
charge for NL is higher than that for LL.

Then, comparing the airline profit for each case, we have Fig. 3.



16 RS RAHE AR A - HEFER 635 (2012)

. NN
7T] 7Tj
NL
J
LL
Ty
C

Figure 3: Comparison of airline profit

From Fig. 3, we obtain Proposition 3.

Proposition 3 Comparing the airline profit for the three cases, we have (1) when 1 < ¢ < ¢y, it >

7NN > aNL. 9) when ¢y < ¢ < ¢, VN > 7kl > oML, and (3) when ¢ > ¢, 7NN > aNE > nlL

In order to interpret Proposition 3, we need to understand the influence of flight frequency. When
the flight frequency increases, the scheduling effect increases the airline profit, but the damage from
congestion decreases it. In addition, because of the congestion cost, a higher flight frequency increases
the airline cost. Therefore, a higher flight frequency results in lower airline profit. Using Lemma 2 and

this logic, we can easily realize Proposition 3.

5.3 Airport profit

In this subsection, we compare the airport profit for the three cases. We first analyze the profit of airport

1. Fig. 4 expresses the result of the comparison.
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Figure 4: Comparison of airport 1’s profit

Here, because of the high degree of complexity, we omit the detailed values of ¢5 and ¢g. Fig. 4 yields

Proposition 4.

Proposition 4 Comparing airport 1’s profit for each case, we have (1) when 1 < ¢ < cs, oy >

IEL > TIVE; (2) when cs < ¢ < ¢, IFL > TIVN > TIVE; and (3) when ¢ > s, TIFY > TIVE > TIYVY.

First, compare 1L and II{V L Given that airport 2 is owned by the local government, if the national
government owns airport 1, the charge of airport 1 becomes very low, which is realized by Proposition 1.
Since the difference in the total airport charge (and flight frequency) between LL and NL is somewhat
small, this results in a profit loss from the viewpoint of airport 1. However, if airport 1 is owned by the
local government, this profit loss does not occur. Consequently, for any ¢, II¥L is larger than IIY'Z.

Then, we compare IIVY with II¥Y given that airport 1 is owned by the national government. When
¢ is smaller than cg, if the local government owns airport 2, the charge of airport 1 is low; if the national
government owns airport 2, the charge of airport 1 is slightly high. On the other hand, the difference
between the total airport charges (and flight frequencies) under NN and NL is not much. Consequently,
airport 1’s profit for NN is larger than that for NL. However, when ¢ is larger than cg, the total airport
charge for NN is very high because of the higher managing cost. In that case, airport 1’s profit for NL

is larger than that for NN.
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In the following, we compare TNV with IIFZ. When c is smaller than cs, the total airport charge for
LL is higher than that for NN. The higher the airport charge, the lower is the airline flight frequency.
As a result, IV is larger than IITZ. However, when c is large, the total airport charge for NN increases,
and so does the managing cost. Both reduce airport profit. Consequently, ITF? is larger than IV Y.

Next, we compare airport 2’s profit for each case. Fig. 5 gives us the result.

Mo
LL
! : M3
: ' NN
0 | | 12
1 Ch C1 Ccy c

Figure 5: Comparison of airport 2’s profit

Here, because of the high degree of complexity, we omit the detailed value of ¢;. From Fig. 5, we

have Proposition 5.

Proposition 5 Comparing airport 2’s profit, we have (1) when 1 < ¢ < ¢, INE > TN > TILE; (2)
when ¢5 < ¢ < ¢1, YL > TEE > TIVN; (8) when ¢1 < ¢ < ¢7, TIEE > TIJE > 1YY, and (4) when

c>cp, IFF > TN > TIYL,

Here, note that Proposition 5-(4) holds (that is, ¢; appears in the meaningful area) only when « > 3.
First, we compare Hé" N with IY'L. When c is smaller than c;, the airport charge for NL is higher
than that for NN and/or the airport managing cost for NL is lower than that for NN. As a result,
airport 2’s profit for NL is higher than that for NN. On the other hand, when c is higher than c7, the
airport charge for NL is very low and the total airport charge for NL is high. Consequently, airport 2’s

profit for NL is lower than that for NV.
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Next, we compare ITZ% with II¥L. When c is smaller than cs, the airport charge for NL is higher
than that for LL. As a result, Hg] L is higher than HQLL. On the other hand, when c is larger than cs,
the airport charge for NL is low and the airline flight frequency also decreases due to the higher total
airport charge. As a result, II5% becomes larger than TI{'L.

Finally, we compare IIYY with IT5%. Because this interpretation is the same as in airport 1’s case,

we omit the details here.

6 Socially preferable airport ownership

Comparing the social welfare for the three cases (NN, NL, and LL), this section analyzes which is the

socially preferable airport ownership. Fig. 6 expresses the social welfare for each case.

SW
SHILL
1 1
1 1
1 1
1 1
1 1
1
: : SWNL
1 1
1 1
1 1
1 ©8 €9 c
Figure 6: Comparison of social welfare
ot 3 2 _ _ 4 3 _ _ .
Here, ¢5 = =2 +68°(‘5§263‘f7af3gi‘;‘ 1008  and ¢ = =2 +2(°f,)a+24_31°‘72_1§§)°‘ 632 From Fig. 6, we obtain

Proposition 6.

Proposition 6 The socially preferable ownership pattern is (1) NL when1 < c<co and (2) NN case

when ¢ > cg.
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In the national-ownership airport, the managing cost is higher than that in the local-ownership airport,
which is inefficient from the viewpoint of social welfare. If both airports are owned by the national
government, we have double inefficiency when ¢ is small, which is socially wasteful. Therefore, NN is
never socially preferable. Comparing SW/¥L with SWLL, when c is small, we get that NL is socially
preferable. Airport 1 is owned by the national government. Therefore, airport 1’s charge is decided
considering the total social welfare. Though the airport managing cost is slightly high, which worsens
the total social welfare, airport 1’s charge improves total social welfare as compared to the airport charge
under LL. However, when ¢ becomes large, the improvement effect is smaller than the increase in the
airport management cost. Consequently, LL becomes socially preferable.

Here, it is noteworthy that when ¢ = 1, the social welfare for NN and NL is the same. For NL,
the national government decides airport 1’s charge to consider the local government’s reaction. Since the
national government has an incentive to maximize social welfare, it can internalize the inefficiency from

the local government’s decision. As a result, when ¢ = 1, the social welfare for NN and NL is the same.

7 Comparison of regional welfare

In this section, the regional welfare for each case is compared. First, we compare region 1's social welfare

for each case. Figure 7 expresses the result

SWy

Figure 7: Comparison of region 1’s welfare
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Here, cio = o (—a® + o+ 29 + V19a? — 128a® — 48902 + 2398 + 6628). From Fig. 7, we obtain

the following proposition.

Proposition 7 When c¢ is smaller than cg, NN is socially preferable for region 1. When c is larger

than cg, LL 1is socially preferable for region 1.

When ¢ < cg, airport 1 sets the lowest airport charge under NL. However, because airport 2 sets a
higher charge, airport 1’s low airport charge almost has no influence on the flight frequency. As a result,
airport 1’s revenue decreases, which worsens region 1’s welfare. For LL, both airports set a too high
airport charge, which decreases the airline flight frequency. As a result, the regional welfare worsens. For
NN, the airport charge is appropriate (i.e., not too high and not too low). As a result, for region 1,
region 1’s welfare for NN is the highest.

When c is high, the airport profit for NN and NL decreases. In addition, the airport charge increases
and the flight frequency decreases in these cases. On the other hand, for LL, there is no influence on c.
As a result, LL is socially preferable. Here, we note that the airport profit for NN decreases due to the
too high total airport charge and the inefficient airport management.

Next, we compare region 2’s welfare. Figure 8 expresses the result.

1 cg 1 11 g

Figure 8: Comparison of region 2’s welfare
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Here, c11 = £ (=302 + 9a + 57 + v3v5a% — 320° — 123aZ + 5bda + 1504). Fig. 8 yields the follow-
ing proposition.
Proposition 8 When c is smaller than c¢;, NL is socially preferable for region 2. When c is larger than

c1, LL is socially preferable.

When ¢ < ¢1, under NL, airport 2’s charge is high and airport 1’s charge is low. Therefore, airport
2 enjoys a larger airport profit, and NL is socially preferable. However, when ¢ > ¢;, under NL, the
airport charge become low. Then, under LL, the airport charge increases, which increases the profit of
airport 2. Here, it is noteworthy that a higher airport profit increases region 2’s welfare. Consequently,
LL is socially preferable.

Finally, we analyze how the socially optimal airport ownership pattern influences the welfare of both

regions. Using the relationships ¢g < ¢g < ¢1o and cg < ¢g < c1, we obtain following lemma.

Lemma 3 In the range where N L is socially preferable, region 1’s welfare is the worst; in region 2, the
welfare is the highest. In the range where LL is socially preferable, region 1's welfare is the highest; in
region 2, if the managing cost is moderate, LL is not socially preferable, and if it is high, LL is socially

preferable.

When c¢ is small, region 1 sacrifices its welfare and imposes a lower airport charge. That is, region
1 reduces its airport revenue. On the other hand, because region 2 gains more airport profit, region 2’s
welfare is the highest. Consequently, in this case, each region wants to manage the airport.

When ¢ is moderate, region 2’s welfare becomes low, because region 2 cannot obtain higher airport
profit under LL. In this case, both regions wish that the other region’s airport is managed by the national
government. Therefore, in both cases, the national government must adjust the concern between regions

to improve the total social welfare.
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8 Concluding Remarks

This paper analyzed airport pricing under three different airport ownership patterns (NN, NL and
LL). As a result, the following conclusions were obtained. With regard to airport 1’s pricing, when the

managing cost under national ownership is small, the airport charge for LL is the highest and that for

NL is the lowest. When the cost increases a little, the charge for NN is larger than that for LL. Then,
when the cost increases much, the charge for NL is larger than that for LL. When cost is very large,
the charge for NL is the highest and that for LL is the lowest. With regard to airport 2’s pricing, when
the managing cost is small, the airport charge for NN is the smallest and that for NL is the highest.
When the cost increases, the charge for NN is larger than that for LL. Then, when the cost increases
even further, the charge for NN is larger than that for NL. When the cost is very large, the charge for
NN is the highest and that for NL is the smallest.

In airport 1, when the managing cost is small, the airport profit for NN is the highest and that for
NL is the lowest. When the cost increases, the profit for LL is the highest and that for NN is the lowest.
In Airport 2, when the managing cost is small, the profit for NL is the highest and that for LL is the
lowest. When the cost increases, the profit for LL is higher than that for NL. Finally, when the cost is
large, the profit for LL the highest and that for NL is the lowest.

Finally, we compare the social welfare for the tree cases. When the managing cost is small, NL is
socially preferable; when the cost is large, LL is socially preferable. In addition, in the range where NL
is socially preferable, region 1’s welfare is the worst; in region 2, the welfare is the highest. In the range
where LL is socially preferable, region 1’s welfare is the highest; in region 2, if the managing cost is
moderate, LL is not socially preferable.

This paper has some restrictions. First, for N L, this paper assumes the ownership pattern. However,
this point is very important. In particular, which airport, hub airport, or non-hub airport should be under
national ownership (local ownership)? Second, this paper presumes a two-city (two-airport) model. If

we relax this assumption and more cities (airports) are presumed, does the result obtained in this paper

hold?
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Then, we must consider the airport privatization problem. This paper omits this possibility. However,
all over the world, airport privatization is increasingly becoming prevalent. Then, is it socially preferable
that national-ownership airports be privatized? Alternatively, is it socially preferable that local-ownership
airports be privatized?

Finally, this paper ignores the commercial operations of airports. In recent times, the revenue from

commercial operations has become a major component for the airports. Interestingly, in Japan, the
aeronautical sector is owned by the government; the commercial sector is owned by the private firm. Is
this ownership pattern efficient? Perhaps, this pattern is inefficient. Therefore, we want to analyze this
using a theoretical model. Then, we argue that vertical integration is required to improve social welfare.

In the future, I plan to deal with some of the above problems.
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