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Abstract

This paper investigates airport pricing in national- and local-ownership airports. We consider

two airports levying a charge to maximize national social welfare (national ownership) or local social

welfare (local ownership). We assume that the national government's management is less e�cient

than the local government's.

We use a simple model to demonstrate the following. In terms of social welfare, when the bigger

airport's social welfare is larger than the smaller airport's, the former should be nationally owned

and the latter, locally. When both airports are small, each airport should be locally owned. Both

airports being nationally owned is never socially preferable.
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1 Introduction

In recent years, airport pricing has been aggressively pursued as a focus of research. This is because

major airports across the world are su�ering from congestion. Under this situation, some remedies to

airport congestion have been proposed by many papers. One approach is congestion tax. Congestion is

an external diseconomy. Therefore, we believe that the Pigouvian tax will improve social welfare under

congestion. The other approach is slot trading. We 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 representative papers.

Slot auctions are another way of dealing with the congestion problem. We realize using an auction

that an e�cient resource allocation can be realized. This can also hold in airline slot markets. Brueckner

(2009) and Basso and Zhang (2010) analyze the slot auction problem1.

The representative paper on airport congestion pricing is Brueckner (2002). 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 network structure and analyzes airport

congestion pricing. As a result, he demonstrates that the airport charge must equal the di�erence between

the congestion (given as the product of the number of extra ights and one) and the carrier's ight share.

Here, we note that this conclusion argues that an airline can internalize some of the congestion e�ects.

Brueckner and 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 a�ecting congestion and shows some interesting results.

Pels and Verhoef (2004) take note of the fact that Brueckner (2002) does not consider airline schedul-

ing. In other words, Brueckner's (2002) congestion pricing does not contain the market power e�ect.

Pels and Verhoef (2004) criticize this point, and show that if the market power e�ect is ignored, the

introduction of congestion airport pricing worsens social welfare under certain conditions.

1With regard to slot allocations, see Zografos (2006) and Sieg (2010) among others.
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In the previous studies on airport pricing including the ones mentioned (except Brueckner (2005)),

the complementarity among the airports has been ignored, that is, carriers often use two complementary

airports when providing airline services2. Then, if both airports used by the carriers are congested, each

carrier will have to pay the airport charge when it takes-o� from a congested airport and lands in another

congested airport and vice versa3. Considering the above probability, it is natural to consider that both

airports' pricing inuences 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 di�erent, the objective function to decide the

airport charge is also di�erent; this is not considered in Brueckner (2005). For example, in Japan,

there are three types of airports: national-ownership airports (owned by the national government), local-

ownership airports (owned by local governments), and private airports4. More importantly, it is natural

to consider that in national-ownership airports, the national government decides the airport pricing; in

local-ownership airports, the corresponding local government decides 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 its local

social welfare. Here, 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.

In this paper, the airport pricing problem is analyzed using a two-region model where two carriers

compete in quantity. Note that this paper omits the factor of ight frequency although Pels and Verhoef

(2004) criticize this omission. Even if we introduce this factor, the main result obtained in this paper

will hold.

It is assumed that when the national government owns and manages the airport, the management cost

2Matsumura and Matsushima (2010) introduce this factor and analyze the airport privatization problem.
3For example, Fukuoka and Haneda Airports are a pair of congested airports in Japan.
4 In Japan, almost all airports are national-ownership or local-ownership airports.
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is higher than that when the local government owns and manages it. In addition, this paper introduces the

airport size, which di�ers across airports. Then, we consider four cases: both airports are owned by the

national government (NN ), one airport (namely, Airport j ) is owned by the national government (local

government) and the other airport is owned by the local government (national government) (NL and

LN , respectively), and each local government owns its respective airport (LL ). This paper derives and

compares the airport charge, the airport pro�t, and the social welfare for each case. Finally, comparing

the social welfare, we conclude which case is socially preferable.

This paper demonstrates the following results. Comparing Airport j 's charge in all four cases, we

have that (1) when both airports are large, the charge is the maximum underLN , (2) when Airport j

is small, the charge is the maximum underNL , and (3) when only Airport j is large, the charge is the

maximum under NN . In the following, the pro�t of Airport j in all four cases is compared. We �nd that

(1) when Airport j is very large and the other airport is small, the pro�t is the maximum under NN ,

(2) when Airport j is small and the other airport is very large, the pro�t is the maximum under LN ,

(3) when Airport j is medium-sized and the other airport is small, the pro�t is the maximum under NL ,

and (4) when both airports are medium-sized or small, the pro�t is the maximum under LL . Finally,

we compare the social welfare. Given that Airport j is larger than the other airport, we �nd that when

Airport j is larger, NL is socially preferable, and when it is smaller,LL is socially preferable.

From the above results, this paper argues that an airport congestion charge, if introduced, is a�ected

by the airport ownership and airport size. Therefore, when considering the airport congestion charge

problem, we must introduce these important factors. This argument is one contribution to the literature.

In addition, because these factors also inuence social welfare, we cannot always propose that an airport

should be owned by the national (local) government. In particular, as long as the national government

remains ine�cient with regard to airport management, it is not desirable for the national government to

own all airports. Furthermore, if the national government is not that ine�cient, it is also undesirable

that each local government owns its respective airport. In that case, from the view of social welfare, the

national government (local government) should own the larger (smaller) airport. In the previous studies,

airport ownership has not been seriously considered. Therefore, analyzing the airport ownership pattern
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is another contribution of this paper.

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 and airports' pro�t) 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 presents the conclusions and directions for future research.

2 Model

There are two regions in a country. We refer to them as Regions 1 and 2. In each region, there is one

congested airport; we refer to Regionj 's airport as Airport j (j = 1 ; 2). There are two airlines: Airline

A and Airline B . The airlines y between Airports 1 and 2.

This paper assumes that each airline competes with quantity. Hereafter, we refer to the round-trip

demand of Airline i in Region j as qji . Here, this paper omits the number of ights for simplicity. If

this paper were to discuss the network structure problem, then ight frequency would be an important

factor. (See Kawasaki (2008).) However, we do not discuss this problem. Therefore, the omission of this

factor is not a problem5.

Each airline must pay an airport charge when using the airport facilities. The airport charge is

expressed askj . Because each airline uses the airport facilitiesqi 1 + qi 2 times, the total payment is

(k1 + k2)(qAi + qBi ). In other words, each airport gains the airport charge (qA 1 + qA 2 + qB 1 + qB 2)kj .

Figure 1: Network structure

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 o� from or lands at that airport. This congestion cost

increases with the total demand of the airport. That is, when using Airport j , each airline incurs the

marginal congestion costt j (qA 1 + qB 1 + qA 2 + qB 2). Here, the parametert j expresses the airport size. For

5We can interpret the airline demand as an indicator of ight frequency. Therefore, this omission will not inuence our
main results.
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example, a largert j is indicative of Airport j being capacity constrained. Because each airline must use

both Airports 1 and 2, the total congestion cost is (t1 + t2)(qA 1 + qB 1 + qA 2 + qB 2)(qi 1 + qi 2) ( i = A; B ).

As each airline must pay the airport charge, its cost becomes

airline 0s cost = (( k1 + k2) + ( t1 + t2)(qA 1 + qB 1 + qA 2 + qB 2))( qi 1 + qi 2): (1)

In this paper, it is assumed that there are two types of airports: national-ownership airports and

local-ownership airports. In a national-ownership airport, the airport charge is decided by the national

government to maximize the total social welfare. In a local-ownership airport, the local government

decides the airport charge to maximize the local social welfare. Here, it is assumed that the marginal

airport management cost increases with the total congestion. In addition, the marginal airport manage-

ment cost of a national-ownership airport is assumed to be larger than that of a local-ownership airport6.

Therefore, expressing the airport management cost asC(q1
A ; q1

B ; q2
A ; q2

B ), we have

C(q1
A ; q1

B ; q2
A ; q2

B ) =

8
>>><

>>>:

c(t j (qA 1 + qB 1 + qA 2 + qB 2))2 if the national government owns the airport,

(t j (qA 1 + qB 1 + qA 2 + qB 2))2 if the local government owns the airport.

(2)

Here, c > 1 is presumed.

In each region, there exist many potential airline passengers. Each passenger gains a bene�t from

using the airline service. This paper assumes that this bene�t is the sum of the travel bene�t and the

damage from congestion.

The travel bene�t derived from the ight service varies among passengers. Here, a passenger's travel

bene�t is expressed asr . The bene�t r is assumed to be uniformly distributed over the interval [�1 ; R]

with density one.

On the other hand, when more passengers use the airline and the airport is congested (due to,

6For example, Japanese national-ownership airports' accounting is controled in one aggregate one accounting. Therefore,
we cannot check how each airport spends money for its costs, which brings a moral-hazard problem. On the other hand,
the accounting of local-owership airport is controled in respective local government's speci�c accounting. Therefore, the
moral hazard problem hardly occurs. As a result, this assumption will hold.
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for example, higher ight frequency), a passenger incurs a disutility7. Therefore, when the total airline

demand increases, a passenger's utility decreases because of the congestion; this is referred to as congestion

damage in Flores-Fillol (2010). In this paper, this congestion damage is expressed as (t1 + t2)(qA 1 + qB 1 +

qA 2 + qB 2)8.

The airfare for Region j is expressed aspj . As a result, the utility function of each region is

U j
i = r � (t1 + t2)(qA 1 + qB 1 + qA 2 + qB 2) � pj : (3)

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.

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 quantity. Solving this game by

backward induction, we derive the subgame perfect Nash equilibrium.

3 Airlines' strategy

This section analyzes the strategies of each airline, that is, quantity. First, we derive the demand function.

It is noteworthy that the demand function is the same for both Regions 1 and 2. Therefore, without loss

of generality, we derive Regionj '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,UA = UB must hold. Therefore, de�ning

(t1 + t2)(qA 1 + qB 1 + qA 2 + qB 2)+ pj � � , only the passenger for whomr � � uses the airline. Consequently,

the demand function in region j is

pj = R � (qAi + qBi ) � (t1 + t2)(qA 1 + qB 1 + q1A + qB 2): (4)

7This assumption is in the line of Flores-Fillol (2010) and Brueckner and Van Dender (2008).
8This is because we assume that passengers make round-trips.
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Therefore, the pro�t function of Airline i is

� i = p1qi 1 + p2qi 2 � (k1 + k2 + ( t1 + t2)(qA 1 + qA 2 + qB 1 + qB 2))( qi 1 + qi 2) ( i = A; B ): (5)

Solving the pro�t maximization problem by qij , the Nash equilibrium is as follows:

qij =
R � k1 � k2

3(4(t1 + t2) + 1)
(i = A; B; j = 1 ; 2): (6)

Substituting these outcomes into each pro�t function, we get the pro�t as

� i =
(R � k1 � k2)2

9(4(t1 + t2) + 1)
: (7)

4 Airport charge

First, we must de�ne welfare. The welfare from the viewpoint of the national government is de�ned as

follows:

Wn =
BX

j = A

CSj +
2X

i =1

� i +
BX

j = A

� j : (8)

Here, CSj refers to the consumer surplus in regionj and � j is Airport j 's pro�t. In the following, the

welfare from the viewpoint of local governmentj is de�ned as

Wj = CSj +
P 2

i =1 � i

2
+ � j : (9)

Here, without loss of generality, it is assumed that each airline's pro�t is equally divided across the two

regions. We analyze the following three cases: (1) both airports are owned by the national government

(NN ); (2) Airport j is owned by the national (local) government and the other airport is owned by the

local (national) government (NL and LN , respectively)9; (3) each airport is owned by its respective local

government (LL ).

9Here, the �rst expression is for Airport j , and the second expression is for the other airport.

8



4.1 NN

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

Wn =
1
2

((qA 1 + qB 1)2 + ( qA 2 + qB 2)2) + � A + � B + ( k1 + k2)(qA 1 + qB 1 + qA 2 + qB 2)

� c(( t1(qA 1 + qB 1 + qA 2 + qB 2))2 + ( t2(qA 1 + qB 1 + qA 2 + qB 2))2): (10)

Here, note that the outcomes ofqij are derived in section 3. Further, we assume that the national

government sets an equal airport charge in both airports10. Using this assumption and solving the above

welfare maximization problem, the airport charge is

kNN
1 = kNN

2 =
8c(t2

1 + t2
2) + 4( t1 + t2) � 1

4(4c(t2
1 + t2

2) + 8( t1 + t2) + 1)
R: (11)

Using eq. (11), we can derive the airline demand, pro�t of each airline, and social welfare. These are

listed in Table 1.

Table 1: Solutions for NN

4.2 NL

In this subsection, we assume that the national government owns Airport 1 and the local government

owns Airport 2. The national government decides the airport chargek1 to maximize the welfare expressed

as

Wn =
1
2

((qA 1 + qB 1)2 + ( qA 2 + qB 2)2) + � A + � B + ( k1 + k2)(qA 1 + qB 1 + qA 2 + qB 2)

� c(t1(qA 1 + qB 1 + qA 2 + qB 2))2 � (t2(qA 1 + qB 1 + qA 2 + qB 2))2: (12)

Airport 2, which is owned by the local government, setsk2 to maximize

W2 =
1
2

(qA 2 + qB 2)2 +
� 1 + � 2

2
+ kr (qA 1 + qB 1 + qA 2 + qB 2) � (t2(qA 1 + qB 1 + qA 2 + qB 2))2: (13)

10 This assumption does not inuence the total social welfare.
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As a result, we can obtain following reaction functions:

k1 = � k2 +
8(ct21 + t2

2) + 4( t1 + t2) � 1
2(4(ct21 + t2

2) + 8( t1 + t2) + 1)
R; (14)

k2 = �
8t2

2 + 8( t1 + t2) + 1
4(2t2

2 + 5( t1 + t2) + 1)
k1 +

8t2
2 + 8( t1 + t2) + 1

4(2t2
2 + 5( t1 + t2) + 1)

R: (15)

From eqs. (14) and (15), we �nd that k1 and k2 are strategic substitutes. When k1 (k2) increases, the

number of passengers riding on each airline decreases, and consequently, the welfare in Region 2 (the

national welfare) decreases. In order to improve welfare, the local government of Region 2 (the national

government) must lower the airport charge and let more passengers use the airline.

Solving the above system, we can obtain

kNL
1 =

4ct21 � 2(t1 + t2) � 1
4(ct21 + t2

2) + 8( t1 + t2) + 1
R; (16)

kNL
2 =

8t2
2 + 8( t1 + t2) + 1

2(4(ct21 + t2
2) + 8( t1 + t2) + 1)

R: (17)

The other outcomes are listed in Table 2.

Table 2: Solutions for NL

In addition, when the local government owns Airport 1 and the national government owns Airport 2

(LN ), the charge in each airport is

kLN
1 =

8t2
1 + 8( t1 + t2) + 1

2(4(t2
1 + ct22) + 8( t1 + t2) + 1)

R; (18)

kLN
2 =

4ct22 � 2(t01 + t2) � 1
4(t2

1 + ct22) + 8( t1 + t2) + 1
R: (19)

The other outcomes are listed in Table 3.

Table 3: Solutions for LN
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4.3 LL

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

Wj =
1
2

(qAj + qBj )2 +
� 1 + � 2

2
+ kj (qA 1 + qB 1 + qA 2 + qB 2) � (t j (qA 1 + qB 1 + qA 2 + qB 2))2: (20)

Solving the welfare maximization problem by kj , the following reaction function is derived:

kj = �
8t2

j + 8( t1 + t2) + 1

4(2t2
j + 5( t1 + t2) + 1)

k� j +
8t2

j + 8( t1 + t2) + 1

4(2t2
j + 5( t1 + t2) + 1)

R: (21)

Eq. (21) expresses that each airport charge is a strategic substitute. The underlying reasoning is similar

to that with NL .

Solving the above system, the airport charge is obtained as follows:

kLL
j =

8t2
j + 8( t1 + t2) + 1

8(t2
1 + t2

2) + 28( t1 + t2) + 5
R: (22)

The other outcomes are listed in Table 4.

Table 4: Solutions for LL

5 Comparison of the outcomes

5.1 Airport charge

In this subsection, we compare Airport j 's pricing for each case. Figure 2 expresses the result of this

comparison, and Table 5 shows the details of each region as in Figure 2.

Figure 2: Comparison of airport charge

Table 5: Details of each region as in Figure 2

From Figure 2 and Table 5, we obtain Proposition 1.
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Proposition 1 Comparing the airport charge in all four cases (kNN
j , kNL

j , kLN
j , and kLL

j ), we get that

the maximum airport charge is (a) kLN
j when both airports are large, (b)kNL

j when Airport j is small,

and (c) kNN
j when Airport j is large and the other airport is small. The minimum airport charge is

(d) kNL
j when Airport j is large, (e) kLN

j when both airports are small, (f ) kLL
j when both airports are

medium-sized, and (g)kNN
j when Airport j is small and the other airport is large.

First, we consider the maximum airport charge. When both airports are large, the national govern-

ment or the local governments need not set a high airport congestion charge because the congestion is

light. Then, note that under LN , the airport charges are strategic substitutes. If the national government

sets the other airport's chargek� j , its airport charge becomes low. Given this expectation, if the local

government sets the charge of Airportj , its charge can be very high. UnderNN , because of the larger

airport size, the national government sets a low airport charge. UnderLL , because each local government

wants to set a high airport charge, neither can set a very high charge because of the strategic substitution

relationship. Under NL , the national government sets a very low airport charge. Consequently,kLN
j

becomes the highest in this range.

When Airport j is small, the congestion at Airport j becomes heavy. Consequently, the national

government or the local government must set a high airport charge. Here, we note that the national

government is more ine�cient than the local government with regard to managing an airport. This

characteristic results in the national government setting a very high airport charge. Though the local

government also has an incentive to set a high airport charge because it does not consider the other region,

this e�ect is smaller than that from ine�cient management. As a result, the airport charge decided by

the national government becomes high. In addition, if the other airport is owned by the local government,

the local government expects the national government to set a high airport charge. Therefore, the local

government sets a low charge in the other airport, which increases the already high airport charge set by

the national government even further. As a result, kNL
j is the highest.

When Airport j is large and the other airport is small, under LL , Airport j 's charge is lower than

that of the other airport's. Under NL , because Airport j is not congested, its charge is low. Under

LN , because the national government decides a very high airport charge in the other airport that is
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congested11, the local government must set a low airport charge in Airport j . On the other hand, under

NN , the national government decides the airport charge considering the total welfare. In addition, the

national government is ine�cient at managing the airport. Consequently, comparing with the other cases,

the airport charge become high underNN . That is, kNN
j is the highest.

In the following, we consider the minimum airport charge. If Airport j is large, its airport charge

need not be very high. Then, if Airport j is owned by the national government and the other airport

is owned by the local government, the national government must set a lower airport charge because the

local government has an incentive to set a very high airport charge. If the other patterns are realized,

the reason why the national government or the local government sets a very low airport charge does not

exist, which yields a high airport charge. Consequently,kNL
j is the smallest.

When both airports are small, if the national government owns both airports, it sets a very high

airport charge due to ine�cient management. Similarly, under NL , the national government, the owner

of Airport j , sets a high airport charge. On the other hand, if Airport j is owned by the local government,

the airport management cost becomes small, which makes the airport charge somewhat low. Then, if

the other airport is owned by the local government, the other airport's charge also becomes somewhat

low. These phenomena are due to e�cient airport management. However, considering the strategic

substitution relationship, the airport charge never becomes very low. Conversely, if the other airport

is owned by the national government, its airport charge becomes high due to ine�cient management.

Therefore, considering these relationships, we get that the airport charge decided by the local government

is very low. In other words, kLN
j is the smallest.

When both airports are medium sized, if the national government owns Airport j , the airport charge

can be set high due to ine�cient airport management. Conversely, if the local government owns Airport

j , the airport charge can be set low. Then, given that Airport j is owned by the local government, if

the other airport is owned by the national government, the other airport's charge becomes somewhat

low as compared to in the above case12. Therefore, kLN
j becomes somewhat high. On the other hand, if

the other airport is also owned by the local government, e�cient airport management is realized, which

11 This mechanism is explained as above.
12 This is because the level of congestion in the other airport decreases.

13



yields a low airport charge (although the local government has an incentive to set a high airport charge

was it would not be considering the other region.). As a result,kLL
j is the smallest.

Finally, when Airport j is small and the other airport is large, if the local government owns the

other airport, the airport charge of the other airport can be set somewhat low because of the e�cient

management. Then, when Airport j is owned by the national government or the local government, its

charge becomes high due to the heavy congestion and the strategic substitution relationship. If the

national government owns the other airport, the airport charge can be set very low because of the low

congestion. Then, if Airport j is owned by the local government, due to the strategic substitution

relationship, its charge becomes high. Conversely, if the national government also owns Airportj , the

airport charge is decided without any consideration of the strategic relationship. Consequently, although

the airport management is ine�cient, kNN
j is the smallest.

5.2 Airport pro�t

In this subsection, we compare the airport pro�t in all four cases. Figure 3 expresses the result of the

comparison, and Table 6 shows the details of each region in Figure 3.

Figure 3: Comparison of airport pro�t

Table 6: Details of each region as in Figure 3

Figure 3 and Table 6 yield Proposition 2.

Proposition 2 Comparing Airport j 's pro�t in all four cases, the maximum pro�t of Airport j is (a)

� NN
j when Airport j is very large and the other airport is not very large, (b)� LN

j when the other airport

is very large, (c) � NL
j when Airport j is medium-sized and the other airport is small, and (d)� LL

j when

both airports are medium-sized or small. The minimum pro�t of Airport j is (e) � NL
j when Airport j is

large, (f ) � NN
j when Airport j is not large and the other airport is large, and (g)� LN

j when both airports

are small.

First, we consider the maximum airport pro�t. When Airport j is very large and the other airport
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is not very large, from Proposition 2 (and Figure 2), we get that kNN
j is the highest. In addition, since

the total airport charge is high, the total demand is small, which results in light congestion at Airport j .

Although the airport management is ine�cient, the higher airport charge o�sets it. As a result, � NN
j is

the highest.

When the other airport is very large, kLN
j is the highest (second highest). In addition,kLN

� j is not

the smallest. Consequently, the total demand underLN is small. As mentioned above, the smaller total

demand results in the congestion being light, which decreases the congestion cost. In addition, since the

local government owns and manages the airport e�ciently, the airport management cost is even smaller.

Furthermore, the higher airport charge increases the airport's revenue. Consequently, �LN
j is the highest.

When Airport j is medium-sized and the other airport is small, we �nd that kNL
j is the second

highest. In addition, by some calculations, we obtain that the total airport charge under NL is the

highest. Therefore, the total demand underNL is small as compared to under the three other cases. The

lower total demand makes the airport congestion cost small enough even though the airport management

is ine�cient. In addition, the higher airport charge increases the airport's revenues. Consequently, � NL
j

is the highest.

When both airports are medium-sized or small, we �nd that kLL
j is the second highest. In addition,

the total airport charge under LL is the highest. Therefore, since the total demand underLL is low, the

airport congestion too is light. Further, considering that the local government e�ciently manages the

airport, it is obvious that � LL
j is the highest.

In the following, we consider the minimum airport pro�t. When Airport j is large, we get that kNL
j

is very small. In addition, we �nd that the total airport charge under NL is very small. Consequently,

the total demand under NL is large, which results in heavy congestion in Airportj . In addition, because

the national government's airport management is ine�cient, it is obvious that � NL
j is the smallest.

When Airport j is not large and the other airport is large, kNN
j is the smallest. However, from the

view of total airport charge, NN is the highest. Therefore, the total demand underNN is small in this

case. Though the small total demand results in less congestion in Airportj , the revenue too decreases

because of the lowest airport charge. In addition, because the national government's airport management
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is ine�cient, the management cost somewhat increases. As a result, �NN
j is the smallest.

When both airports are small, kLN
j is the smallest (second smallest). On the other hand, from the

view of total airport charge, LN is not small. Therefore, total demand is somewhat small. Though the

airport management cost decreases, the airport revenue too decreases at the same time. In this range,

the decrease in the airport management cost is smaller than that in airport revenue. Consequently, �LN
j

is the smallest.

6 Socially preferable airport ownership

Comparing the social welfare in all four cases (NN , NL , LN , and LL ), this section analyzes which is

the socially preferable airport ownership pattern. Figure 4 expresses the result of the comparison of the

social welfare in each case, and Table 7 shows the details of each region as in Figure 4.

Figure 4: Comparison of social welfare

Table 7: Details of each region as in Figure 4

From Figure 4 and Table 7, we obtain Proposition 3.

Proposition 3 Given that t j � t � j , when Airport j is large, NL is socially preferable, and when it is

small, LL is socially preferable.

First, note that NN is never socially preferable. This is because the national government is less

e�cient than the local government with regard to airport management. In other words, if the national

government is to own both the airports, two ine�ciencies will be realized, which is socially wasteful.

As such, we compareNL , LN , and LL . When Airport j is large, it will not be heavily congested.

Therefore, even if the national government owns Airport j and its management is ine�cient, the airport

management cost almost does not increase. On the other hand, because the national government decides

the airport charge considering the total welfare, its airport charge is socially preferable. If the local

governments were to own their respective airports, though the airports would be e�ciently managed, the

airport charge is higher than its socially preferable level. In addition, if the national government owns the
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other airport that is small and the local government owns Airport j that is large, the airport management

cost of the other airport is very high, which is socially wasteful. From the view of social welfare, the

national government should own large airports, because large airports tend to not be very congested, and

therefore, tend to not have a large congestion cost. Consequently,NL is socially preferable in this range.

When Airport j is small, in the range considered here, both airports are small. Here, if Airport

j is owned by the national government as mentioned above, its airport management cost is extremely

high. Therefore, though the national government decides the airport charge considering the total welfare

(which has a positive e�ect on social welfare), the increase in the airport management cost is too large

to improve social welfare, as compared to underLL . Consequently, in this range, in order to reduce the

airport congestion cost,LL is socially preferable.

7 Concluding Remarks

This paper �rst analyzed airport pricing under four di�erent airport ownership patterns ( NN , NL , LN ,

and LL ). We obtained the following conclusions. When both airports are large,LN yields the maximum

airport charge; when Airport j is small, NL yields the maximum airport charge; and when Airport j is

large and the other airport is small, NN yields the maximum airport charge. When Airport j is very

large and the other airport is not very large, the pro�t of Airport j is maximum under NN ; when the

other airport is very large, the pro�t of Airport j is maximum under LN ; when Airport j is medium-sized

and the other airport is small, the pro�t of Airport j is maximum under NL ; and when both airports

are medium-sized or small, the pro�t of Airport j is maximum under LL .

In the previous studies on airport congestion pricing, airport ownership has never been considered.

This paper introduces the di�erence in airport ownership and analyzes the pattern that yields the highest

airport charge and airport pro�t. We get that the pattern yielding the highest airport charge and airport

pro�t depends on the airport size and ownership. In order to obtain the results, the di�erence in the

airport management cost and the strategic relationship between the airports' pricing are important.

Then, we compare the social welfare in all four cases. We demonstrated that when Airportj is larger

than the other airport and big by itself, NL is socially preferable, and when it is small,LL is socially
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preferable. Here, note thatNN is never socially preferable, for the national government is less e�cient

than the local government with regard to airport management. From these results, we propose that from

the view of social welfare, large airports should be owned by the national government and small airports

should be owned by the local government.

This paper has some restrictions. First, this paper does not consider whether an airport is a hub

airport or a non-hub airport. However, this problem may be very important. This is because it is mainly

the hub airports that su�er from congestion. On the other hand, a non-hub airport will rarely su�er from

congestion. Given this situation, which airport should be owned by the national (local) government?

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 airports' commercial operations. In recent times, the revenue from

commercial operations has become a major earnings component for the airports. Interestingly, in Japan,

the aeronautical sector is owned by the government, while the commercial sector is owned by private

�rms. Is this ownership pattern e�cient? Perhaps, this pattern is ine�cient. Therefore, we want to

analyze this pattern using a theoretical model. Following this, we wish to argue that vertical integration

is required to improve social welfare.

In the future, we plan to deal with some of the above problems.
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Table 1: Solutions for NN

Demand qNN
A 1 = qNN

B 1 = qNN
A 2 = qNN

B 2 = 1
8c( t 2

1 + t 2
2 )+16( t 1 + t 2 )+2 R

Airport pro�t � NN
1 = 8ct 2

2 +4( t 1 + t 2 ) � 1
2(4 c( t 2

1 + t 2
2 )+8( t 1 + t 2 )+1) R2

� NN
2 = 8ct 2

1 +4( t 1 + t 2 ) � 1
2(4 c( t 2

1 + t 2
2 )+8( t 1 + t 2 )+1) R2

Social welfare SWNN = 1
4c( t 2

1 + t 2
2 )+8( t 1 + t 2 )+1 R2

Table 2: Solutions for NL

Demand qNL
A 1 = qNL

B 1 = qNL
A 2 = qNL

B 2 = 1
8(ct 2

1 + t 2
2 )+16( t 1 + t 2 )+2 R

Airport pro�t � NL
1 = 2(2 ct 2

1 � 2( t 1 + t 2 ) � 1)
(4( ct 2

1 + t 2
2 )+8( t 1 + t 2 )+1) 2 R2

� NL
2 = 4t 2

2 +8( t 1 + t 2 )+1
(4( ct 2

1 + t 2
2 )+8( t 1 + t 2 )+1) 2 R2

Social welfare SWNL = 1
4(ct 2

1 + t 2
2 )+8( t 1 + t 2 )+1 R2

Table 3: Solutions for LN

Demand qLN
A 1 = qLN

B 1 = qLN
A 2 = qLN

B 2 = 1
8( t 2

1 + ct 2
2 )+16( t 1 + t 2 )+2 R

Airport pro�t � LN
1 = 4t 2

1 +8( t 1 + t 2 )+1
(4( t 2

1 + ct 2
2 )+8( t 1 + t 2 )+1) 2 R2

� NL
2 = 2(2 ct 2

2 � 2( t 1 + t 2 ) � 1)
(4( t 2

1 + ct 2
2 )+8( t 1 + t 2 )+1) 2 R2

Social welfare SWLN = 1
4( t 2

1 + ct 2
2 )+8( t 1 + t 2 )+1 R2

Table 4: Solutions for LL

Demand qLL
A 1 = qLN

B 1 = qLN
A 2 = qLN

B 2 = 1
8( t 2

1 + t 2
2 )+28( t 1 + t 2 )+5 R

Airport pro�t � LL
1 = 4(4 t 2

1 +8( t 1 + t 2 )+1)
(8( t 2

1 + t 2
2 )+28( t 1 + t 2 )+5) 2 R2

� LL
2 = 4(4 t 2

2 +8( t 1 + t 2 )+1)
(8( t 2

1 + t 2
2 )+28( t 1 + t 2 )+5) 2 R2

Social welfare SWLL = 16( t 2
1 + t 2

2 +5( t 1 + t 2 )+1)
(8( t 2

1 + t 2
2 )+28( t 1 + t 2 )+5) 2 R2
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Table 5: Details of each region as in Figure 2

Region Order
Maximum

Airport charge (Proposition 1)
Minimum

Airport charge (Proposition 1)

(1) kLN
j � kLL

j � kNN
j � kNL

j (a) (d)
(2) kLN

j � kNN
j � kLL

j � kNL
j (a) (d)

(3) kNN
j � kLN

j � kLL
j � kNL

j (c) (d)
(4) kNN

j � kLL
j � kLN

j � kNL
j (c) (d)

(5) kNN
j � kLL

j � kNL
j � kLN

j (c) (e)
(6) kNN

j � kNL
j � kLL

j � kLN
j (c) (e)

(7) kNN
j � kNL

j � kLN
j � kLL

j (c) (f)
(8) kNN

j � kLN
j � kNL

j � kLL
j (c) (f)

(9) kLN
j � kNN

j � kNL
j � kLL

j (c) (f)
(10) kLN

j � kNL
j � kNN

j � kLL
j (a) (f)

(11) kLN
j � kLL

j � kNL
j � kNN

j (a) (g)
(12) kLN

j � kNL
j � kLL

j � kNN
j (a) (g)

(13) kNL
j � kLN

j � kLL
j � kNN

j (b) (g)
(14) kNL

j � kLN
j � kNN

j � kLL
j (b) (f)

(15) kNL
j � kNN

j � kLN
j � kLL

j (b) (f)
(16) kNL

j � kNN
j � kLL

j � kLN
j (b) (e)

(17) kNL
j � kLL

j � kNN
j � kLN

j (b) (e)
(18) kNL

j � kLL
j � kLN

j � kNN
j (b) (g)
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Table 6: Details of each region as in Figure 3

Region Order
Maximum

Airport pro�t (Proposition 2)
Minimum

Airport pro�t (Proposition 2)

(1) � NN
j � � LL

j � � LN
j � � NL

j (a) (e)
(2) � NN

j � � LN
j � � LL

j � � NL
j (a) (e)

(3) � LN
j � � NN

j � � LL
j � � NL

j (b) (e)
(4) � LN

j � � LL
j � � NN

j � � NL
j (b) (e)

(5) � LL
j � � LN

j � � NN
j � � NL

j (d) (e)
(6) � LL

j � � NN
j � � LN

j � � NL
j (d) (e)

(7) � LL
j � � NN

j � � NL
j � � LN

j (d) (g)
(8) � NN

j � � LL
j � � NL

j � � LN
j (a) (g)

(9) � NN
j � � NL

j � � LL
j � � LN

j (a) (g)
(10) � NL

j � � NN
j � � LL

j � � LN
j (c) (g)

(11) � NL
j � � LL

j � � NN
j � � LN

j (c) (g)
(12) � LL

j � � NL
j � � NN

j � � LN
j (d) (g)

(13) � LL
j � � NL

j � � LN
j � � NN

j (d) (f)
(14) � LL

j � � LN
j � � NL

j � � NN
j (d) (f)

(15) � LN
j � � LL

j � � NL
j � � NN

j (b) (f)
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Table 7: Details of each region as in Figure 4

Region Order
(1) SWNL � SWLN � SWNN � SWLL

(2) SWNL � SWLN � SWLL � SWNN

(3) SWNL � SWLL � SWLN � SWNN

(4) SWLL � SWNL � SWLN � SWNN

(5) SWLL � SWLN � SWNL � SWNN

(6) SWLN � SWLL � SWNL � SWNN

(7) SWLN � SWNL � SWLL � SWNN

(8) SWLN � SWNL � SWNN � SWLL
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