IS

LEUVEN

KATHOLIEKE
UNIVERSITEIT
LEUVEN

Asymmetric Duopoly in Space — what policies work?

Andre de Palnta Fay Dunkerle§and Stef Proodt

ERSA Congress Amsterdam 2005

Abstract

In this paper we study the problem of a city wittcess to two subcentres selling a
differentiated product. The first subcentre has Foge flow transport costs but is easily
congested (near city centre, access by road). &@ensd one has higher free flow transport
costs but is less prone to congestion (ample pufditsport capacity, parking etc.). Both
subcentres need to attract customers and empldyeeffering prices and wages that are
sufficiently attractive to cover their fixed costth the absence of any government
regulation, there will be an asymmetric duopoly gathat can be solved for a Nash
equilibrium in prices and wages offered by the tsubcentres. This solution is typically
characterised by excessive congestion for the geadbcentre. We study the welfare
effects of a number of stylised policies using cetitipn between airports as an example.

The first policy is to extend the road to subcenitr&his policy will not necessarily lead to
less congestion as more customers will be attrabtedhe lower transport costs. The
second policy option is to add congestion priciagarking pricing etc.) for the congested
subcentre. This will decrease its profit margin aftdact more customers. The third policy
is acceptable for politicians: investing providiaglirect subsidy to the remote subcentre,
reducing its marginal costs. This policy will agaase the congestion problem for the
nearby subcentre but will do this in a very costipy. Finally an additional remote
subcentre can be added to the model set-up.
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Asymmetric Duopoly in Space — what policies work?

1. INTRODUCTION

In this paper we study the problem of a city thas taccess to two facilities (e.g
shopping centres, airports) selling a differentigbeoduct. The first subcentre has low
transport costs but is easily congested (nearceityre, access by road). The second one
has higher transport costs but is less prone tgesiad access (ample public transport
capacity etc.). Both subcentres need to attractomers and employees by offering
prices and wages that are sufficiently attractiee cover their fixed costs. The
equilibrium is the outcome of the interplay betweslogenous congestion and market
forces. In the absence of any government regulatioare will be an asymmetric
monopolistic competition game that can be solvedafdlash equilibrium in prices and
wages offered by each of the two subcentres. Thigisn is typically characterised by
excessive congestion for the nearby subcentre.tUdy she welfare effects of a number
of stylised policies.

The first policy is to extend the road to the ngafdcility, subcentre 1. Interestingly,
this policy will not necessarily lead to less costign as more customers will be
attracted by the lower transport costs. This iselw the well known Braess paradox in
transport economics. In our paper we add produttla@mour differentiation and it will
be the degrees of differentiation that will detearenhow successful the road extension
strategy is. The second policy is to add congegiiizing (or parking pricing etc.) for
the congested subcentre. This will decrease itBtprmargin (see de Palma & Proost,
2005) and attract more customers. The third pakcsnore acceptable for politicians:
providing a direct subsidy to the remote subcenieducing its marginal costs. This
policy will again ease the congestion problem far hearby subcentre but will do this
in a very costly way. Finally an additional remstébcentre is added to the model set-
up.

We apply our model to airports, using Brusselsrhmtonal Airport (Zaventem) and
Charleroi -Brussels South (Charleroi) to illustrtite effect of the above policy options.
Increasingly cities in Europe are served by two (oore) airports, which offer
differentiated products in terms of quality andgitency of flights but also differ in
their facilities and accessibility. A sizable li¢ure exists on airport competition (see
for example Hansen et al. (2001), Barrett (2004) dealdhuis (2004)). Ivaldi and Vibes
(2004) have looked at oligopolistic price competitibetween traditional and low cost
airlines and rail using a game theoretic approdchthis paper we use a general
equilibrium approach so that wages are also matielle

The theoretical framework of the model is describe&ection 2, the existing market
equilibrium for the airport application is developbm Section 3 and the effects of our
policy options are consider. Section 4 concludes.
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2. THEORETICAL FRAMEWORK

2.1. Model Setting

de Palma and Proost (2005) have developed a modeldy imperfect competition in a
city both with and without congestion. Although yheoncentrate their analysis on the
symmetric situation, the basic model set-up algdi@p in the more general asymmetric
case. A brief description of the model settinghisréfore presented here together with
the relevant equations for household preferencédsfiams’ profits in an asymmetric
oligopoly with congested transport infrastructukesimple, asymmetric duopoly is then
used to illustrate the effects of various policgrsarios in Chapter 3.

Residents live in a city centre and travel to ohéwm sub-centres to work and shop.
Shopping and working decisions are made indepehdesd that trip chaining is
excluded, and residents can only travel betweercéidre and each subcentre and not

between subcentres (sé@ure 2-)2. A _homogeneous good is produced in the city {Deleted: Figure2-1
centre and used as an intermediate input for tfiereintiated good, which is produced - [ Deleted: Figure2-1

in the sub-centres. Thus, both firms and consunmetg travel costs. In this general
equilibrium setting, the numéraire homogeneous gepdesents all production in the
economy other than the differentiated good and pafifits are returned to the
households. The labour market is also considerguarately and jobs in the
differentiated industry are heterogeneous. Only differentiated product variant is
produced at each sub-centre by a single firm antl bausehold will consume one unit
of differentiated good and supply one unit of labéor its production. Hence, in the
current formulation, demand for the differentiagabd is inelastic and, if the labour
market is assumed to be fully flexible, the prodat labour markets will clear. All
remaining labour€) and income is devoted to the homogeneous goodtlzaré is
therefore no possibility of non-consumption or upéyment.

Transport Flow
+Shoppers
+Commuters
+Trucks

N residents
n subcentres

Differentiated
good \
— \
Differentiated /
good —
.I

Figure 2-1 Schematic of city layout

2 While trip chaining can clearly be important in tthecision process for many households, it signifiga
complicates the modelling process and is presdéntadseparate paper (de Palma,et al. 2005). Here we
focus on households who, for example, do a weeklgpsas a family, independent of work
commitments or on an airport trip where customerd the workforce represent different sections of
the population.



Asymmetric Duopoly in Space: What policies work? 4

The total production possibilities of an economyhwil households and firms can
then be expressed in terms of the following idgrftt labour supply and demand:

(1+¢9)N:D+c1D+iFi+(aW+ad+a“)§j;D+iK+G (1)

where D(=)'D,) is the total demand for the differentiated goc_&is the marginal

production cost of the intermediate inp#,s the fixed production cost for firinand

transportation costs for commuting, shopping angpku of goods are given

N
by(@" +a®+a"> tD 3 The a",a",a"denote trip frequencies and theravel times,
i=1 —

which are exogenous when there is no congestioth Eab-centre requires some road
infrastructure K;), which is paid for by a levy on firms and heag-{&) on consumers.

Finally, G denotes residual consumption of the hgem@ous good.

2.2. Congestion

The main effect of congestion on the model is tkenaavel times endogenous. Instead
of being constant, travel times increase with tbhenber of road users, where the road
users are customers, commuters and trucks delgy#énim intermediate input. de Palma
and Proost assume that roads have a fixed cajadityhat a bottleneck develops if the
activity on a road exceeds its capacity. They beebottleneck model developed by
Arnott et al (1993), where road users choose thigr timing (with no congestion
pricing). In the simplest case, where all agentsehthe same desired arrival times and
the same valuation of time, we can define the eedogs travel time for the
asymmetric model as

t =ti°+5EaFi>W (2)
S

wheren =a’ +a" +ka"andk ensures that one truck trip has the same congestio

effect as k shopping or commuting trips. In the absence ofgestion t°is the
transport time from the centre to sub-centesd s is the corresponding road capacity.

From (2) it can be seen that roads are free of estian in the limit of infinite
bottleneck capacity The coefficientd translates waiting time and schedule delays into

equivalent costs.

2.3. Household Preferences

Household utility is represented by a linear fumctiof the utility obtained from
consumption of the differentiated and homogeneouedg and the disutility of

% Note that because wages and prices for the horeogsrgood have been normalised to one, the value
of time is also one.

*The non-congestion case is actually modelled seglgnasing exogenous travel timess not used.
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supplying labour to the production of these god#sng the household budget equation
to substitute for consumption of the homogeneouxlgan indirect conditional utility
function can be derived to express household peées. In this case the utility
function represents the preferences of a househaldbuys differentiated goddand
supplies labour to sub-cenire

Uy =R = -0+ W= -a"t +00- )+ o =T ©

Each of the N households is paid a wage for working at sub-centreand buys one

unit of variantk at price, p, . Both prices and wages will be determined by tloeleh In

the following we will use household and consumeerlichangeably as it is easier to
consider the household as a single worker or custorithus, the consumer’s
commuting and shopping travel costs are givenatiy and a“t respectively, where,

from (2), t,is endogenous. The utility of consumption of diéfetiated product variart

is given by an intrinsic quality componentand a stochastic componeiits, :

h =h+u's, (4)

and the disutility of labour at sub-centres similarly given by the following two
components:

B=B-u's ©)

Hence, all households will value the quality of fr@duct variant manufactured at a
particular subcentre in the same way and will elgpee the same disinclination to
work at a given subcentre; in both cases possidigaing different values to different
subcentres. However, the households will still viaryheir tastes: the parametegsnd

& represent the intrinsic heterogeneity of consurastes and it is again assumed that
they are double exponentially distributed. The patams 1" andu® determine the
degree of heterogeneity of preferences.

The remaining terms i@3) represent a household’s utility from production tbé - { Deleted:

homogeneous good, share of the profits and the-taeafl’). These are the same for all - [ Deleted:

consumers.

When a household chooses where to work, this ispaddent of its shopping decision

obtain: '\~ { Deleted:

AN
AR {Deleted:
KON

Up =Q +w B -a™ +u',

\ {Deleted:
A\

[ Deleted:

where kaﬁ(l—,[a’)+;2n,—T+h<— p-at+u'e, is assumed fixed for the ( Deleted:
|

O

choice of employment location. The probability thatonsumer chooses to commute to
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sub-centrei of the n possible sub-centres is tHéiYﬁ:Prob{UiIk zU, 0j=1..,n},

independent dk and can be written as a logit type probability

exp[wi _'Biw_an J
R" = £

i = TN (6)
Zexp(wj_’gj_a tj}
j 2

For the household choice of shopping location, biio

Uy =9 +h - p _adtk+lud£k1

whereQ, =6(1- /) +:IZ m-T+w-8-a"t +u"¢is assumed constant for
|

shopping decisions, and a similar expression fepttobability is derived:

_ _ ~d
exp[hK h-a th
u

i h - p-a )
o 5
Since travel times are endogenOlL))( (6) and (7) are implicit equations inR" {De'eted= @
andR,®. Even for the duopoly case, fﬁésé 7e7q7ufz;t|c;nfs: caymesblved 7zinfailglt7|<7:élfl); g_n}ij\h %z::::::: EZ
numerical solution is required for each giyeandw. {Deleted: (6
Using the assumptions of inelastic demand for fifferdntiated good and fixed labour { Ee:e:e: Z;
eleted:

input for the differentiated good, a market clegroondition also applies at each sub-

o U U

centre:
R =F" (8)

2.4. Profits of firms
There are n firms, each located at one of the sutese The profit of firm is:
(w,p)=(p-w-c-a"t) p-(F+ 9 9)

where c¢' +a"t is the marginal cost of the intermediate inpitis the fixed production

cost andS is the government levy to pay for public infrasture. The inelastic demand

/{ Deleted: (8)

condition gives usZ D, = Nand from(8), we obtain deman®, = NP" = NPd //’,,,,{Ddeted: ®)

Each firm selects prices and wages to maximisetusts, given that his competitors
do the same. Thus we look for a non-cooperativenNgslilibrium in these variables.
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2.5. Equilibrium

The strategic variables of firmare w, andp . From the market clearing conditiga), {Deleted= ®)

Yo { Deleted: (8)

substituting from(6) and?7), it is clear that the choice off determines the choice of [D leted: ()
eleted:

p (and vice versa), since all other prices and wagesiaken as given. Thus, We Can ' paes

o O A U

rewrite the profit equatig®®)as: {Delete 0
{Deleted: 7
7Ti(W.):(n[W]—ViV—é—a it) anl[ |V]'_( iF" i$ (10) {Deleted:(g)
Thus, takingw as our only strategic variable, the best respohfieni is given by: [(Detetea: 9
d7 _| dp } v ' dP"
SLINR"H p-w-Coa" P2 TP N =0 (11)
dw [dw [ ] dw
where
dR'_ PP
dw [+ AP P
d dpd _ pd h
CI7[1:_[Iuw-i-/\iwl?w(l P)] and/\ihzw.
dw  [#"+ATRYA-PY) S

{ Deleted: (11)

********************************************************** { Deleted: (11)

NR"(1-PY) (,U +,UW)_ 1 hso h W NG? wl _ \{Deleted:(s)
[,UW"'/\iWFi)W(l— FI)W)]|: 1- Pw (p| W 01 a F )+/\| P + $ Pi| 0 (12) {Deleted:(S)

 J

and hence the candidate Nash equilibrium in paeceswages is given by

d w 52
:(/J +/1 )+W+é+ahto+/\ihPW+5Na

T 1-R” s )

This wage-price equilibrium cannot be solved ancdyty, except for the symmetric
solution. In additionP", given by Equation (6) an®® given by relation (7) are now

endogenous, which again requires a numerical app—roHowever, in the duopoly case,
then equationsn unknowns (prices and wages) problem, can be diegbliin the case
of the duopoly, the expression f&"reduces to:

RY = {1+ exF{WZ W tB -5, +aw(t2 _tl)J:I_l

/,IW

Moreover, we have from (7) in the duopoly case haee:

-1
Pld :{1+exp{ pl_p2+h2_|:l_ad(t2_tl)j:| ’
u
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The last two equations imply that there is a limedation between the price differences

and the wage differences. Using equafib®) to compute the price differences, and _ - { Deleted: (13

using the linear relation between the price diffieeeand the wage difference, we get a { Deleted: (13

unique closed form implicit equation in the prigatence, which has a unique
solution that can easily be found analytically.

Congestion has the following effects. Firstly, iakes delivery of the intermediate good
more expensive. Secondly, there are time coste@sdd delay costs), since the traffic
is not able to travel at the free-flow spe¢dj) even if perfect congestion pricing can be

imposed. In addition, if congestion is im?erfeqﬂyced there are queuing costs. These

two costs are reflected in th@&@dNP", / sterm |n(13) Further, congestion makes the { Deleted: (13)

*************************** { Deleted: (13)

effective demand function for the subcentres’ pmslusteeper as any price decrease
will initially attract more customers. However, figecustomers will themselves increase
travel time so that, in the end, the net increasthé number of customers is somewhat
lower. The increased price in turn leads to greptefits. A similar argument also
applies to wages. If firms reduce prices and irsgemarket share, they will need to
attract more workers but the commuting workers adltl to congestion.

2.6. Welfare Analysis

In addition to effects on price, profit and markbtre, we are interested in the welfare
implications of the asymmetric model. Welfare p@usehold can be derived from
W = max E[ Uik] since profits are equally distributed among houkih@\nderson et al

1992). Using the definition of utility3) and substituting the random variables frof {Deleted: ®

and(5) we obtain \ { Deleted: (3)

77777777777777777777777777777777777777777777777777777777777777 { Deleted: (4)

=|’\(—pk—a'dtk+,ud£k+Wi—IBi—a'WI;—/Jng+H(1—IB)+NZ]'[I—T (14) {Deleted (4)
I

{ Deleted: (5)

Then, because of the independence of the labouc@msLimption decisions in (15), we [Deleted ()

o U

can write

W=W+max E[ w-8 -a"t+u"s |+ max § h- p-a‘t+u's|  (15)

>

where W =6(1- 4)+ lN —-T. Given that the error terms are double exponéntial

distributed, after some further manipulation (ssedxample Anderson et al 1992), the
welfare formulation for the one day economy carekgressed as

W=W+4"In {Z exp{Wﬂ + 4 In[Z ex;{h_zd_aFH ., (16)

which can be further simplified using the marketacing condition, which implies a
linear relation between prices differences and waljéerence.
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This measure of welfare in the short-run uses thélibrium prices, wages and travel
costs calculated by the model, which enter thearelformulation via the exponential
terms and the profit. When we add fully time diffietiated congestion pricing in this
bottleneck model, half of the sum of schedule delag queuing costs are converted
into toll revenue. This toll revenue correspondshi® direct welfare gain (in terms of
saved transport costs) of tolling. There can bdraéot welfare gains or losses via
changes in profit margins that can change , indhg term, the number of subcentres.
Indeed, congestion may lead to over-entry in théo term, since firms are able to
make larger profits in the absence of road pri¢seg de Palma and Proost (2005)).

3. DUOPOLY EXAMPLE

3.1. Airport application

We apply the basic duopoly model to the case qioais offering a package flight and
parking facilities as their differentiated produlctcreasingly cities in Europe are served
by two (or more) airports, which offer differengat products in terms of quality and
frequency of flights but also differ in their fatiés and accessibility. Examples include
London, which is served by Heathrow, Gatwick, SteatisLuton and the City airport,
Rome (Ciampino and Fiumincino) and Stockholm (Adiarand Bromma). In this paper
we wish to focus on the situation where one airpolbcated close to the city, offering
high quality facilities and frequent flights, whillke second is more remote and offers a
‘no-frills’ service. Brussels, Hamburg and Venicancbe considered to fall into this
category. In particular we concentrate on the afs8russels International Airport
(Zaventem) and Charleroi-Brussels South AirportgBroi), which are located 13km
and 46km from the centre of Brussels respectivEhe model structure is shown in

Figure 3-1 We then consider the effect of a number of pobgyions on prices and - { Deleted: Figure 3-1

wages, market share and degree of transport céogesElearly a number of = { Deleted: Figure 3-1

simplifying assumptions need to be made in orddittthe model to this application.
However, given this limitation, it is still posséko generate some interesting results
from the different policy scenarios.
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Zaventem

£ Heavily congested road
airport

—~——

Uncongested road

Charleroi
airport

Figure 3-1 Duopoly structure — airport example

Zaventem airport offers frequent flights to a largenber of destinations by a range of
airlines. It has good facilities including, for emple, 19 cafes and bars. With annual
passenger numbers of 15.5 million and car parkin@®@®00 vehicles, there is some road
congestion and queuing for parking. Charleroi, lom ¢ther hand is a base for a small
number of low cost airlines, flying infrequently &olimited number of destinations. It
has limited amenities: only one café. However, witlo million passengers per year
and parking for over 2000, its road infrastructisrenuch less congested. We assume in
both cases that the bottleneck for road accessro®authe airport entrance. Both
airports have public transport connections but eglect these for the purposes of our
comparisorr.

Both airports offer flights to the same single dedton with parking as their
differentiated product (henceforth passenger-fligithere are many differentiated
destinations offered by the two airports. For tlakes of simplicity, we took one
common destination, Dublin, to be representativerafes to all destinations. There is
no competition between carriers at each airportrasach case, only one airline offers
flights to this destination. Further, our city haspopulation of 8 million, which is
considered to be the approximate number of poteaiiport customers in Belgium.
This city is then assumed to be the only sourceadsengers and workers at the
airport$. Clearly this implies that everyone is travellitogthe airports along the same
route. Although this is not realistic, we can ipt@t congestion in the model as a
bottleneck at the airport entrance, which is whemre can expect to experience
congestion on the actual road network.

® In fact Charleroi has bus connections from each flight to the centre of Brussels and there are at least 3 trains per hour
between Zaventem and central Brussels for most of the day.

® A gravity model would be a simple method of overcoming this limitation
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3.2. Model Calibration

We first need to calibrate our model using empiridata for the existing market
equilibrium. For ease of exposition, the model desd in Section 2.1 has a number of
normalising assumptions, which need to be takemanstount when using real data. The
parameters derived below are presented in ternttsecdirport economy and have to be
scaled appropriately to fit the model.

Weekly passenger numbers are used to determinpridp®rtion of consumers using
each airport in equilibrium and the trip frequer(q_ﬂ). We in fact assume that each

city resident consumes one flight per week and sagljthe number of trips he makes
accordingly. Data on passenger numbers from thporg tells us that 89% of
passengers use Zaventem and 11% Charleroi. Wetddlow an outside option.

The uncongested travel times from the centre ob8zls to Zaventem and Charleroi are
16 and 39 minutes respectively. Congestion is asdutn increase travel time to
Zaventem by 50% and have no effect on journeyshiaxl€roi. The bottleneck model is
then used to calculate road capacity. Passengerdenaonsidered to have a relatively
high value of time (VOT) as there is a high penddtly being late for a flight. Here a
value of €20 is adoptéd

The frequency of commuting tripsa{') has been approximated using employment

figures for the airports. Prices per passengehffligre calculated from the lowest
available advance internet weekend fare to Dublth voughly the same departure and
arrival times. The cost of one day long term pagkimthen added to this. Airport costs
are determined by imposing that the airports beadn and charge airlines and parking
at cost. These costs are divided into fixed anéal components. The corresponding
wages are obtained directly from labour costs, Wldme assumed to be 35% of total
costs. This corresponds to an annual gross safagpmroximately €70000. We then

allow for the fact that the average wage at Zavaritelikely to be higher given its size,

location and quality.

Table 3-JandTable 3-2below contain a summary of the fixed and variataléa for the _

airport example.

\

n No of airports 2

N No of consumers 8000000
e Consumer heterogeneity for airport | - 7

— passenger

u" Consumer heterogeneity for airpq 5

— employee

a_“ No of trips per passenger flight 0,04375

"This is in line with business VOT from UNITE (1998)

W T~
~

{ Deleted: Table3-1

[ Deleted: Table3-1

AN { Deleted: Table3-2

{ Deleted: Table3-2

G
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a’ No of trips per hour of labour 0,13

) Scaling parameter for congestion cost

[72)

0,25

No of hours per week spent on non-

0 . 37,4
airport employment
Disutility of labour for non-airport
BO 0
employment
Table 3-1 Fixed model inputs
Zaventem Charleroi
Model inputs
Airport quality
h (E/passenger flight 100 0
Disutility of labour
b (€/hour) 0 0
© Uncpngested trave 0,53 1.3
time (hours)
s Road capacity 356408 10000000

(vehicle/week)

Variable costs
¢ (€E/passenger flight 100 80

F F(izfveezokits 22385720 1541440
Market data
price (p) (E/passenger flight
wage (w) (€/hour)
market share % city inhabitants 89 11

Table 3-2 Variable model inputs and existing marketquilibrium

| Assigning a monetary value to utility of consumptid) and disutility of labour 3) is

not straightforward. Since, passenger-flight priaag congestion costs are higher for
consumers using Zaventem in preference to Charlemassume that this difference in
cost is compensated for bly. In addition h contains a premium for the perceived

quality of the product at Zaventem. Fgr, we simply assume that residents have the
same inclination to work at both airports. Finallwye neglect the cost of road

infrastructure and any government levies or headstaThese have no impact on the
market equilibrium but affect welfare.

Since we have price, wage and market share infaamathich are the model outputs,
as well as the input data (costs, utilities anddpart parameters), we can calibrate the
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model to obtainy*andu®®. In this caseu” =5andu® = 7so that the city inhabitants

have a stronger preference for the airport theyfrilyn than their work locatioh The
model results for the reference case using thdses#or 1" andu® are shown imable

{ Deleted: Table 3-3

S oo { Deleted: Table 3-3

rice wage rofit ross profit market welfare
_ P 9 P 9 P share
airport
€/ €/ hours of labour
€ € /hour | . . . . ] .
inhabitant| inhabitant inhabitant
Zaventem 182,73 45,87 62,05 64,84 88,95
. 27,019 [ Deleted: (6)
Charleroi| 96,97 37,22 0,80 0,99 11,05
[Formatted Font: 10 pt
Table 3-3 Model results for reference case [ Deleted: Table 3.1
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Zaventem from capturing an even larger market sh&@iearly its profits are
considerably higher than Charleroi.
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The first policy scenario we consider is a 50% éase in road capacity to Zaventem.;:}
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Table 3-4 Model results for capacity extension
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The main reason for this is the high valueudf. Thus the reduction in travel costs only

makes Zaventem more attractive to a very small gntag of the potential passengers.
The airport can slightly increase its price andusedthe wage it offers because both
customers and employees have smaller travel cbetsthe changes are very small as
reducing prices attracts more customers, increasimiggestion. Welfare increases
compared with the reference case because conswxeesience reduced travel costs
and Zaventem makes greater profits, which are meturto the consumer in our
economy. The welfare gain is however a gross gaiwweahave not taken account of the
cost of building this additional infrastructure. ..

3.4. Road pricing

The second policy option is to impose perfect tuoliféerentiated tolling so that some
consumers leave home earlier or later and quesiefiminated..

: . gross | market AWelf
price | wage profit . welfare
profit share -are
airport € €/ €/ hours of
€ . . . . labour/ | % GDP
/hour | inhabitant| inhabitant . )
inhabitant
Zaventem| 182,70 | 45,88 62,04 64,84 88,98 0,7
. 27,273
Charleroi| 96,97 | 37,22 0,80 0,99 11,02

Table 3-5 Model results for road pricing

Again, changes in the price-wage equilibrium areyvemall compared with the
reference case; As explained earlier this is dubegarticular set-up of the two airport
economy and the high value pf . Travel costs are also relatively small comparét w

other costs in the model. These depend on the \dltiene, which could probably be
higher for passengers on their way to the airport.

The route to Charleroi is not tolled as there isaomgestion. The average toll for
Zaventem reflects the queuing costs and the tathlrévenue is a social benefit,
increasing welfare. The elimination of queuingatts more customers to Zaventem but
the airport is forced to lower its price and in@®ats wage to maintain this market
share because of the tolls. These changes alsesesyira benefit to the consumer and
welfare is larger than the reference case and wdemhcapacity is increased.

3.5. Government subsidy of Charleroi airport

One possible policy that would be attractive toitmaans is to subsidise the smaller
airport directly so that its marginal costs areuaatl. We examine the effect of a 10%
subsidy.

market
share

gross

. AWelfare
profit

airport | price | wage profit welfare
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hours of
€ €/ €/
€ . . . . labour / % GDP
/hour | inhabitant| inhabitant . )
inhabitant
Zaventem| 175,66 | 45,32 55,08 57,88 87,77
- 27,204 0,5
Charleroi| 89,09 | 37,22 0,92 1,11 12,23

Table 3-6 Model results for marginal cost subsidy

The marginal cost subsidy allows Charleroi to rediis price quite significantly and
increase its market share. Again, the size of Wiagis governed by® . Zaventem is

forced to reduce its prices to compete and sufiersduction in profits. Surprisingly,

this policy increases social welfare: the benefit donsumers of reduced prices
combined with lower congestion to the congestegoairoutweighs the cost of the
subsidy to society and the overall reduction inghport profits.

3.6. Additional airport

It is interesting to consider the effect of an &iddial small, low-cost airport entering
the market. For simplicity we assume the new afroidentical to Charleroi but in a
different location.

. . ross market
price | wage profit gros welfare | AWelfare
profit share
airport
€ e/ e/ hours of
€ . . . . labour / % GDP
/hour | inhabitant| inhabitant . )
inhabitant
Zaventem| 178,00 | 48,69 56,71 59,50 88,07
Charleroi| 96,48 | 37,22 0,31 0,51 5,97 26,928 -0,2
New 96,48 | 37,22 0,31 0,51 5,97

Table 3-7 Model results for additional airport

This additional airport has the same propertie€lzarleroi and so the main effect is to
split the Charleroi market into two halves. The maenefits are increased product
heterogeneity (which is valued highly here with bigh #° value) and the reduction of

congestion to Zaventem. This second effect is enehd very low because the market
share of Zaventem decreases by less than 1%. Hteota new airport is mainly the
extra fixed cost. Welfare will in this case deceegcause the gain in congestion is too
small.

4. CONCLUSIONS

In this paper we have presented a general equitibasymmetric model of imperfect
competition with congestion and explored its fuoising to the competition between
two airports. The calibration of the model to costgd, nearby Zaventem and to the
distant Charleroi airport data in Belgium has shawgnthat there is a high premium
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placed on the quality of Zaventem airport and tw@misumers have strong preferences
for where they fly from. We tested infrastructurelipies, road pricing policies,
subsidies for the distant airport and finally theeation of a new airport. The
preliminary results show little change from theerehce equilibrium because of these
factors. However, the small changes that are obdeiv prices, profits, market share
and welfare are indicative of the potential effeafshese policies in a more flexible
model setting.

The same proposed framework could not only be tsethalyze the impact of a new
airport (beside Orly and Paris Charles de Gaullghied airport has been under
discussion for Paris for more than a decade), Isotta study the impact of closing an
old airport. A similar study can be carried out foe construction of a new terminal in
an existing airport or the expansion of an existtegminal. In this case, the port
authority has to decide as well which airline compavill use which terminal (such a
discussion has taken place in Minneapolis, for gdapwhere Northwest is a key actor,
and has some decision power concerning the usatiee alld and the new terminal by
other competing companies). The quantitative apragsed here could explain what
the consequences of such policy are and back-upethdator decisions (the US DOT,
in the example mentioned above).
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