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Abstract

We provide a simple theoretical model to explain the mechanism whereby pri-
vatization of international airports can improve welfare. The model consists of a
downstream (airline) duopoly with two inputs (landings at two airports) and two
types of consumers. The airline companies compete internationally. Using the sim-
ple international duopoly model, we show that the outcome where both airports
are privatized is always an equilibrium while that where no airport is privatized is

another equilibrium only if the degree of product differentiation is large.
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1 Introduction

Following the example of the UK, many countries have moved—or are moving—towards
privatization of some public airports. Research on airport privatization has been pop-
ular recently (Basso (2008), Basso and Zhang (2008), Zhang and Zhang (2003, 2006)).
For instance, in their seminal paper on airport privatization, Zhang and Zhang (2003)
raise the following question: can we expect that the profit-maximizing behavior of priva-
tized, unregulated airports will lead to social welfare maximization, or is there a conflict
between maximizing social welfare and maximizing profits? They incorporate the prob-
lem of congestion, capacity investment, and market power over landing charges into a
privatization policy framework and compare the price decisions of privatized, unregu-
lated airports with those of public airports that maximize social welfare. Although these
studies of airport privatization provide interesting insights, they do not show situations
in which privatization improves welfare; thus a welfare-maximizing government has no
incentive to privatize airports.

In this paper, we present a model in which local welfare-maximizing governments
have incentives to privatize airports and show why many countries have moved towards
privatization of public airports. We consider a simple downstream (airline) duopoly with
two inputs (landings at two airports). The model setting is as follows.! There are two
downstream firms (airlines) that supply final products to consumers (passengers). Each
airline company procures two inputs for its final product. Each input is monopolistically
supplied by an independent supplier. In the context of airline competition, the inputs
are related to airports commonly used by the airline companies.

We consider the following three-stage game. First, each government independently
decides whether to privatize its airport. The objective of a public airport is to maximize
domestic welfare, while that of the private airport is to maximize its own profit.? In the

second stage, the airports independently set their airport charges. In the third stage, two

1 We do not consider the problems of congestion and capacity at airports, although these are often
discussed in the papers mentioned above. Our purpose is to show that privatization can be beneficial
even though such negative effects, which might be mitigated by privatization, are absent.

2 This, in addition to the competition structure in the second and the third stages, follows the model

assumption in Zhang and Zhang (2003).



airlines face price competition and set their prices simultaneously.

We show that each government privatizes its airport so as to maximize its domestic
social surplus in equilibrium. We also find that the governments may face a prisoners’
dilemma situation, that is, commitments to nonprivatization policies may be mutually
beneficial for the two countries.

The intuition behind the result is as follows. The strategic interaction between the
airports is that of strategic substitution. That is, when an airport charge is high (low), the
charge set by another airport becomes low (high). This is because a higher airport charge
diminishes the demand for each airline, which is closely correlated to the derived demand
for the other airport. Given the strategic interactions, we now consider the relation
between the airport charges and the objectives of the airports. A national airport sets a
lower airport charge than a privatized one because the national airport considers not only
its own profit but also that of the domestic airline company and consumer welfare. When
the other airport is foreign, this lower charge set by the national airport is the transfer
from it to the other airport. This causes a welfare loss that can dominate the welfare gain
for consumers and the profit of the domestic airline company. Because privatization of
an airport is a commitment not to lower its airport charge, this can improve its domestic
social surplus.

The remainder of the paper is organized as follows. Section 2 presents the model.

Section 3 provides the main result. Finally, Section 4 concludes the paper.

2 The model

There are two downstream firms, D1 and Do, which supply final products to consumers.
Each maximizes its own profit. The final products are differentiated. In the context of
airline competition, the downstream firms are associated with airline companies.

Each downstream firm procures two inputs (A and B) for its final product. Inputs
A and B are supplied by monopolistic common suppliers, U; (i = A, B). In the context
of airline competition, the inputs are related to the use of airports. To produce a unit of

final product, each downstream firm uses one unit of input A and one of input B:

¢ = min{g?, ¢”},



where q{ is the amount of input j (j = A, B). That is, each downstream firm has Leontief
production technology. Suppliers incur no marginal cost for a unit of input. Except for
procurement costs, the production costs of the downstream firms are zero. We assume
that the suppliers unilaterally set the input prices, w4 and wp, respectively. We also
assume that the suppliers do not price discriminate. In this setting, per-unit cost of each

downstream firm is given as
¢ =wa+wp, (i=1,2).

There are two consumer groups, C4 and Cp, which differ in size. The size of group A
is A4 = 1 and that of group B is A\g = A(< 1). That is, the size of group A is larger than
or equal to that of group B. The total demand for firm i’s product is given as ¢; 4 + Aq;p-
Each consumer group j has the inverse demand functions of the products, denoted by
(j=4,B)

pij =1 —qij —vq—ij, i, —i=1,2, (i #—i),
where g;; is the amount of firm 4’s product and ~ is the degree of product differentiation

(v € (0,1)). From the inverse demand functions, the demand functions are derived

L=y —pij +v-i5 . . . .
dij = . 1—Zj’72’y ’LJ’ i,—1=1,2, (Z#_Z)'

When v = 1, the products are perfect substitutes; when v = 0, they are independent. In
the context of airline competition, the two airlines compete on the same route between
airports A and B because the two downstream firms use the common input suppliers
(Ua and Up). Therefore, it is reasonable that the products are substitutes.

The profit of downstream firm ¢ (¢ = 1,2) is given as
Tpi = (pia — (wa +wp))gia + (pis — (Wa + wB))Agip, i=1,2.

The net consumer surplus in country j (j = A, B) is given as (Ag4 = 1 and A\gp = )

2 2
ai; + 2415925 + G35
OS5 =Aj (qu +qo — 5 L= p1jqij — P2592
oy (20 =)A= py) (= p2y) + (g = p2)* _ q7; + 2701592) + a3,
J 2(1 — +2) J 2 '



The profit of upstream firm i (i = A, B) is given as

i = wi(qia + @a+ Nas +@B)), i=A4A,B.

In the model, we assume that the nationalities of Dy, Ua, and C4 (D2, Up, Cp) are
common, and also assume that those of D; and Dy differ.? For instance, in the context
of airline competition, U4 is a domestic airport from the viewpoint of D; and Ugp is a

foreign one. The market structure is summarized in Figure 1.
[Figure 1 here]

We consider two cases concerning the objective of each input supplier. One is that
the objective of an input supplier is to maximize its own profit. The other is that the
objective of an input supplier is to maximize its domestic social surplus. In the context
of airline competition, the former relates to a privatized airport, and the latter to a
nationalized airport. This specification is used in the literature of airport privatization
(e.g., Zhang and Zhang (2003), Basso and Zhang (2007)). Because two suppliers exist,
we must consider four cases concerning the objectives of the two suppliers: (1) Both
suppliers are profit maximizers; (2) Ua is a profit maximizer and Up is a domestic
welfare maximizer; (3) Up is a profit maximizer and Uy is a domestic welfare maximizer;
(4) Both suppliers are domestic welfare maximizers. When Uj; is a profit maximizer, it
maximizes 7y; (i = A, B). When Uy (Up) is a domestic welfare maximizer, it maximizes
1A+ CSa+7mp1 (myp + CSp + mp2).

The game proceeds as follows. First, each government simultaneously determines
whether or not it privatizes its input supplier. Second, each common supplier simultane-
ously sets w; to maximize its objective, which is determined in the first period (i = A, B).
Third, given the wholesale prices w4 and wg, the downstream firms simultaneously set
their prices at p; (i = 1,2). We assume that the downstream firms cannot price discrim-

inate between the consumer groups A and B. That is, pja = pip =p; (i = 1,2).

3 Result

We solve the game by backward induction.

3 0f course, the nationalities of U4 and Up (Ca and Cg) are different.



3.1 The third stage

We first consider the third-stage game. The objective function of downstream i is:

Tpi = (pi —wa — wB)(¢ia + AiB)
(pi —wa —wp)(1+ A)(1 =~ —pi +vp—i)

— 2 , 1=1,2, i £ —i.
The first-order conditions lead to
1—vy+wys+wp 1+ X1 -1 —ws —wp)? . o,
pi = y TDi = 5 2:1,2,]#1. 1
Z P ’ E=)2( ) ®

The domestic social surplus in country A (B) is the sum of the consumer surplus in
country A (B) and the total profits of D1 and U4 (D2 and Upg). The social surplus in
country j (j € {A, B}) is given as
Ni(1—wa —wp)?

(2—7)*(1+7)
(L4 A1 =)(1 = wa—wp)?  2wy(1+7)(1 — wa — wp)
(2-7)2(1+1) 2-7(1+7) ’

SW,; =

(2)
where g =1 and Ag = A.

3.2 The second stage

There are four cases (subgames) that depend on the first-stage decisions of the govern-
ments: (1) Both suppliers are profit maximizers; (2) Uy is a profit maximizer and Up is
a domestic welfare maximizer; (3) Up is a profit maximizer and U4 is a domestic welfare

maximizer; (4) Both suppliers are domestic welfare maximizers.

Privatization of the suppliers, U4 and Ug. We first consider the case in which the
objective of the suppliers is to maximize their own profits. In other words, we consider
the situation after privatization of the suppliers, U4 and Up.

The maximization problem of supplier ¢ is represented by

n}ljax w;(q14 + g24 + Mq1B + @2B))- (3)

Let the superscript ‘PP’ denote the equilibrium value when the suppliers are private
firms. The maximization problems represented in (3) lead to

1—w,i
2

. . 1
wl(w—l) = (Z = 1727 -1 75 Z) - w,IZP = wgp = g (4)



This result is summarized in the following lemma:

Lemma 1 The strategic interaction between the suppliers is that of strategic substitution.
When the suppliers are profit mazximizers, the equilibrium wholesale price in the subgame

‘PP _ PP _
iswy' =wy =1/3.

The reaction function in (4) means that the strategic interaction between the suppliers
is strategic substitution. When a supplier sets its wholesale price at a higher level, the
total quantity demanded by the downstream firms shrinks. Given the shrunken demand
caused by the high price, the other supplier is forced to set a lower price (Cournot (1838)
and Sonnenschein (1968)). Note that this situation exists irrespective of the suppliers’
objectives (profit or welfare maximization).

The profits of the firms are given as
pp_  20+A) pp_ (1=7)1+A)
Tu; = ) 7TDj - 2 )
9(2—-7)1+7) 92-7)*(1+7)
The domestic social surplus in each country is given as
64+ 5\ —3(1+ Ny 546X —3(1+ )y
92—-7)21+7y) 92—-7)2*1+7)

i=ADB; j=1,2.

SWiP = SWEP =

(5)

Only U, is privatized Second, we consider the case in which the objective of Ugx
(Up) is to maximize its own profit (its domestic social surplus). In other words, we
consider the situation in which only U, is privatized.

The maximization problem of supplier ¢ is represented by

%ix wa(qia + g24 + Ma1B + @2B)),
max wp(qra + g4 + Nq18 + ¢28)) (6)

Mg +2vq1BgB + 65
+ (p2 —wa — wp)(g2a + A\@2B) + (915 +27 5 QB).

Let the superscript ‘PN’ denote the equilibrium value when only U, is a private firm.

The maximization problems represented in (6) lead to

1—wpg 1—wgy
walwp) = ===, wp(wa) = soor— 5y
2 — y)(1 1
R wiN_ 2-70+A) PN _

Th AN 20+ Ay B T hran 200+ M)y

We easily find that wiN > ng . This is summarized in the following lemma:



Lemma 2 When only Uya is privatized, it sets a higher wholesale price than Ug. That

18, wIA?N > ng.

The reason is as follows. The domestic welfare maximizer (Ug) takes into account the
domestic consumer surplus and the domestic downstream firm’s profit as well as its own
profit. Because a lower wholesale price helps both consumers and the domestic firm, the
domestic welfare maximizer (Up) sets a lower price than the profit maximizer (Uy).

The profits of the firms are given as

PN _ 22—+ N)? PN 2(1+ ))?
VAT A )G rar—20+ 072 VBT 1 +9)05 +4x—2(1+ 072
PN _ _PN _ (I—7)(1+X)?

TpA = Tpg = .
PATTPE T (14 9)(5+4X = 2(1+ A)y)?
The domestic social surplus in each country is given by

(3+2X = (1 + )y (1 + N)?
(1+7)(5+4X—2(1+ A)v)2°

pn (645X =31+ N)y)(1+\)? PN _
WA = TG 20ty B =

(7)

Only Up is privatized Third, we consider the case in which the objective of Up (Uj,)
is to maximize its own profit (its domestic social surplus). In other words, we consider
the situation in which only Up is privatized.

The maximization problem of supplier ¢ is represented by

max wa(qia + @24 + Maq1B + ©2B))

@24+ 27q1A024 + G2 ®)
2 )

+ (p1 —wa —wp)(q1a + A\q1B) +

%%x wp(q14 + q24 + Mq1B + @2B)).

Let the superscript ‘NP’ denote the equilibrium value when only Upg is a private firm.

The maximization problems represented in (8) lead to

WP — A WwNP — 2—70+N
AT A4 =201+ 0y B T A4 201+ M)y

We easily find that w% P < wg P This is summarized in the following lemma:

Lemma 3 When only Up is privatized, it sets a higher wholesale price than Uy. That

18, wgp < wgp.



The reason is similar to that in the previous case.

The profits of the firms are given by

NP _ 201+ N)? PN _ 2(2—7)(1+N)?
VAT A )@ 1ox—20+ 072 VB T 0+ +5x—2(1+ \)y)2
NP _ _PN _ (1-(1+N)>?

D4 = Tpp = .
PATTPE T (T4 9) (445X = 2(1+ A)y)?
The domestic social surplus in each country is given by

(243X =14+ (1+N)? (546X —3(1L+ A)7)(1+ N)?
(1+7)(4 45X —2(1 4+ M\)y)2’ (1+7)(4+ 5\ —2(1+ \)y)?’

SWNP — SWAP — 9)

No supplier is privatized Finally, we consider the case in which the objective of
the suppliers is to maximize their own social surplus. In other words, we consider the
situation in which no supplier is privatized.

The maximization problem of supplier ¢ is represented by

n&gx wa(qia + g2a + Ma1B + @2B)) (10)

Gia + 29014024 + G54
2 b
ngj%x wp(q1a + q24 + Mq1B + @2B)) (11)

+ (p1 —wa —wp)(qra + A\q1B) +

Mg + 2va1Bg2B + 42
+ (p2 — wa — wB)(q2a + Ag2B) + 415 ’yq; ©B + Gp)

Let the superscript ‘NN’ denote the equilibrium value when no supplier is privatized.

The maximization problems represented in (10) and (11) leads to

A 1
NN NN
wh' ' = ———— R = —— 12
AT E N P T B -
The result for the difference between ng and ng is summarized in the following

lemma:

Lemma 4 When the suppliers are domestic surplus maximizers, waN < ng, and the
equality holds only if A = 1. That is, the wholesale price in the country with a larger

number of consumers is smaller than in the one with a smaller number of consumers.

The nationalized supplier considers consumer welfare and the domestic downstream firm’s

profit as well as its own profit. Because consumer welfare is more important in the country

with a larger number of consumers (country A), wg N < wg N in equilibrium.



The profits of the firms are given by

2\
NN _ NN _
AT B2+ VB T BN

NN _ NN _ (1=y+N
PATIPE T 3 —)2(147)

The domestic social surplus in each country is given by

243 —(1+ XAy

3+2X2—(1+ Ay
S NN _ ’ _
R )

NN
S T

3.3 Privatization policy: The first stage

We now discuss decisions regarding privatization; that is, the first stage of the game is

discussed. The first stage is represented by the following 2 x 2 matrix.

A/B P N
SWEP in (5) SWEN in (7)
P
SWEP in (5) SWEN in (7)
SWHP in (9) SWEHN in (13)
N
SWE in (9) SWIN in (13)

From the payoff matrix, we have the following proposition.

Proposition 1 For any exogenous parameter, (P, P) is an equilibrium outcome. If the

following inequalities are satisfied, (N, N) is an equilibrium outcome:

—(1 =3y +792) + /7 — 8y + 292 und <3—\/6
B-7(1-7) T

Neither (P, N) nor (N, P) appears in equilibrium.

A > ~ 0.275. (14)

Proof See the Appendix.

The following figure indicates the area in which (N, N) can be an equilibrium outcome.
[Figure 2 here]

Proposition 1 states that the outcome where both governments privatize their own suppli-
ers (henceforth, we call this PP equilibrium) is always an equilibrium, while that where

no government privatizes its own supplier (henceforth, we call this NN equilibrium) can

10



fail to be an equilibrium. Figure 2 indicates that the area for the existence of NN equi-
librium is small. Thus, we believe that PP equilibrium is more likely to occur than NN
equilibrium.?

We now explain the intuition behind the proposition. As explained above, because
the strategic interaction between the suppliers is strategic substitution, lowering w; leads
to higher w_; (i = 1,2, i # —i). Because the supplier —i is a foreign firm, this price
shift caused by a lower w; is a transfer from the domestic to the foreign supplier. This
causes a welfare loss from the viewpoint of domestic welfare in country 4. In any case,
this welfare loss is important for each country. Therefore, each government decides to
privatize its own supplier when it anticipates that the other supplier is privatized.

In this setting, the degree of competitiveness () also affects the welfare property
concerning the objectives of the suppliers. When ~ is large (competition between the
downstream firms is severe), the negative effect of double marginalization is small because
downstream firms cannot exert their market power. The strategic interaction between
the suppliers is relatively important for each country. Moreover, the difference between
the number of consumers in the countries is also important. The supplier in the country
with a larger number of consumers sets its wholesale price at a lower level (Lemma 4).
This causes a transfer from this country to the foreign country. To reduce such a transfer,

the supplier in the country with a larger number of consumers tends to be privatized.

We now briefly discuss the relation between the levels of social welfare in two cases:
(1) both upstream suppliers are privatized, (P, P); (2) no upstream supplier is privatized,
(N, N). When both upstream suppliers are privatized, the sum of wholesale prices w4 +
wp is higher than that in the case where no upstream supplier is privatized; that is,
wiP + wgp > wa Ny wg N Although the higher wholesale prices in the privatized case
reduce ‘global’ welfare, this negative effect of privatization is not always applied to the
social surplus in the large country (country A). After a simple calculation, we have the

following proposition:

4 Even when two equilibriums exist, we can show that PP equilibrium risk dominates that of NN
equilibrium, so the former is more robust. For the concept of risk dominance, see Harsanyi and Selten
(1988).

11



Proposition 2 SW};P < SW}BVN for all X and ~. SW}‘DP > SWAVN if and only if

3(2—)(=3+67 —29%)

A< .
(3 —7)(21 — 227 + 6+2)

Figure 3 indicates the area in which the inequality in Proposition 2 is satisfied.
[Figure 3 here]

From the figure, we can see that privatization of the two upstream suppliers improves
social welfare in the large country when downstream competition is severe and the het-
erogeneity of the consumer sizes is significant.

As shown in Lemma 4, wi ¥ < w¥N. w¥Y in (12) is increasing in v and decreasing
in A\. That is, when ~ is large and A is small, the rent shifting from country A to B is
significant. We now briefly explain the reason for this. When ~ is large (downstream
competition is severe), the profits of the downstream firms are small. This implies that
consumer welfare and the upstream profits are more important than the downstream
profits. Therefore, each nationalized upstream supplier tends to set a higher price, which
harms the downstream firms. A higher wholesale price harms consumer welfare but
increases its upstream profit. Because the former negative effect is relatively important
for the large country, A, w4 tends to be lower than wg. When A is small (the difference
between the consumer sizes is large), the difference between wi”™ and wi{™ is large. This
is because the nationalized supplier in country A takes into account its (relatively) large
consumer size when it sets w,4. Moreover, the strategic substitutability of the upstream
prices exacerbates the difference between the wholesale prices. Therefore, when ~ is large

and A is small, privatization of the two upstream suppliers improves social welfare in the

large country, that is, S Wf P>g ij‘\f N,

4 Concluding remarks

We provide a simple theoretical model to explain the mechanism by which a government
privatizes its international airport to maximize domestic welfare. The model consists of
a simple downstream (airline) duopoly with two inputs (two airports). Using the simple
international duopoly model, we show that privatization of the airport can improve the

domestic social surplus. A lower price set by an airport leads to higher prices set by the

12



other airport. Because the other airport is a foreign one, this price shift is the transfer
from the domestic to the foreign one. This causes a welfare loss from the viewpoint of
domestic welfare.

In this paper, we do not consider congestion problems, which are often discussed in
the literature on airline competition (Brueckner (2002, 2009), Yuen et al. (2008), Zhang
and Zhang (2006, 2010)). Considering this problem will make the analysis richer, and

this is a consideration for future research.
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Appendix

Proof of Proposition 1: SWfP — SW/"{VP and SWgP — SW};N are given as

Swhr — swirt
2=+ 1 =NNB2 =) +2(2—9)(7 = 37)A + (17 — 14y + 39*))?)

B 92 —72(1+7) (22 —7) + (5 — 27)A)? >0,
SWEY — swEN
(A= + 2= NN(A7 = 147 +39%) +2(2 = 7)(T = 37)A +3(2 — 7)*\?) o

92 =721+ =27 +2(2—-7)N)?
(P, P) is an equilibrium outcome for all of the parameters, v € (0,1) and A € (0, 1]. These
inequalities imply that neither (NN, P) nor (P, N) is an equilibrium outcome. SW{{‘V N _

SWfN and SWéVN — SW}BVP are given as

SWHN — swhN

=7+ 1 =PDN(=2+27y =) +2(0 =37y +)A+ B3 —7)(1 —)N?)
(B=7)2(1+7)((5—27) +2(2 —7)N)? ’

SWEN — swiF

1=+ 2="DPNB=N0 =) +2(1 =37 +)A = 2+ 27 —*))\?)
(B=72(1+7)(22—7) + (5-27)A)? '

SWIN — SWEN >0 (SWHN — SWEHT > 0) if and only if

1—-3y+72) +/7—8y+29?
B=71=7) ’

(1=3y+7°)+7—8y+2?

242y —~2 '

SWYN —sWEN >0 < A > =

SWHN —SswiP >0 A<

After some calculus, we find that both inequalities are satisfied if and only if v < (3 —
V6)/2. We also easily show that (1 — 3y + 72 + /7 — 8y +292)/(2 + 2y — 4?) is larger
than 1 if v < (3 —v/6)/2. Therefore, the condition under which (N, N) is an equilibrium

outcome is given by

—(1-3 2 7 — 8y + 272 3—6
A > ( 7(—;1)7)—;1_7) vy and v < \[20.275.
This calculus leads to Proposition 1. Q.E.D.

14
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