Chapter 6

Markets for
Homogeneous Products

Only theory can scparate the competilive from the anticom-
petitive.

—Robert Bork, The Antitrust Paradez

In this chapter we analyze the behavior of firma and consumer weliare un-
der seversl oligopolistic market struckures. The main assomption in this
chapter is that the products are homegeneows, meaning thet consuwmers
cannot differenliale among hrands or distinguish among the producers
when purchesing a specific product. More precisely, consumern: cannot
for just do not bother) to read the label with the producer’s name on the
pradust they by, For example, non-brand-name products sold in most
supermorkets—bulk fruit, vegetables, containers of prain—are generally
purchased withoul having eonsumers learning the producer’s name.

In what Followe, we assume that consumers are always price tak-
ers (hencelorth, competitive) and have a well-defined ageregate-demnand
funstion. However, irma behave according Lo Lhe assumed markel stroc-
tures analyzed helow.

Qur oligopoly analysis starts with section 6.1 {Courmnot), which as-
sumes that frms set their gutput levels simulieneously, believing that
the cutput levels of their rival firms remain unchanged. Historcally, as
we disenss below, Cournot was the first te provide this mewlern treat-
ment of cligopoly equilibrium. Section 6.2 {Sequential Moves) modifics
the stalic Cournot selup, by assuming that firms move in sermence, wd
analyzcs whether a firm benefits by selting itz oulpul level belore any
other one does. Following Berlrand's criticism ol the usc of quankity
produced as ilie seiions chosen by firms, section 6.3 (Bertrand) analyzes
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a magrkel structure where firms set their prices by assuming thal the
prices of their rival firms remoin unchanged. We then dizcuas how the
extreme reaull, of price pames leading to competitive prices obtained un-
der the Bertrand competilion can be miligated by introducing capacity
constraints. Section 6.4 {Cournat Versus Berlrand) anelyzes the rela-
tionuhip between the Cournot and the Berirand markei structures. Sec-
tion 6.5 (Self-Enforcing Collusion) anelyzes the conditioms under whicl
firms can maintain higher prices and lower cutput levels compared with
the Cournol levels, assuming that the firms interact inAnitely many
times. Section 6.6 (International Tradc) anulyzes international markels
in homogencous products.

6.1 Cournot Market Structure

Noncooperative oligopoly theory started with Antoine Augustin Cornot’s
bouk, Rescarches into the Mathemalicul Principles of the Theory af
Wealth, published in France in 1838. In that book, Cournol proposed
an cligopoly-analysis method thal we today view a3 identicol to Anding
a Nash equilibrium in a game where firms use their production levels as
strategies. Cournct earned his doctorate in geience in 1821, with a main
thess in mechanics and astronomy. Cournet’s wrilings extended beyond
economics to mathematics and philosophy of seience and philosophy of
history (see Shubik 1987).

Cournot was central to the founding of modern mathemealical eco-
nomics. For Lhe case of monopoly, the familiar condition where marginal
revenue equals marginal cost come directly from Cowrnot’s work {Shubik
1987). In chapter 7 of his book, Cournot employs the inverse-demand
Function to construch e system of firms’ marginal-revenue functions,
which could be then solved for whal we will call the Cournot output
levels. Then, he introduced firms' cost functions snd the system of firsl-
order conditions to be solved. Cournot did not consider the possibility
that firms with sufficiently high cost may not be producing in this efui-
librium.

In what follows, we develop the Cournot oligopoly model where firms
scll identical products. In this model, firns ere not price Lakers. [n=lend,
eacls firm is fully aware that changing ils output level will alfect the
market price.

6.1.1 Two-seller game

Lei, us consider & two-firm industry summarized by the cost function of
gach Arm ¢ {producing ¢, units) given by

TG.{G’.] = Ciffi, i= 11- 21 where 2,01 - u: (El}

6.1 Cournot darket Struzcture ?9

amul the market-demand Ranction given Ly
i =a—-6Q, ah>=0,a>c, wheeQd=mnt+g. (6.2}

In conirast Lo chapter 4, where we solved [or & competitive equilibrinm
[or this indusity, here we solve for a Cournos oligopoly equilibiiwn, We
frst have to define a Lwo-irm game that corresponds Lo a definition of
a game given in Definition 2.1, Lel each Hrm’s action be defined as
choosing its production level, and assume that Loth Grws choose thei
aclions simullaneously. Thus, each firm { chooscs g; £ A; = [l ov),
: =1,2. Also, let Lhe payoll lunciion of cach frm § be ils profil. Tonction
defined by mi{g, g0) = plgL +g2) — TCi{q.). Now, the gamc is properly
defined since the players, sledr aclion seis, and their payof finclions ave
explicitly dofined. All that s lelt to do now ix Lo deline Lhe equilibrium
rucepl.

DewineeoN 6.1 The triplet {77, 45,45] is o Conrnot-Nash equilil-
riwm if ;

1. {a) given g2 = g5; g solves max,, my(g, g5}
=plo +e5)n = TGn) = [e—bar + Hn —

{0} given qu = g5; g5 solves max,, m{g], )
= plaf + g2}z — TCalge) = [u— BT + )]z — coma

8 fr=u-—bigi +g5y, pfafas >0l

That is, aceordivg Lo Definition 6.1, a Cournol equilibrium is a list of
outpul levels produced by eads Brm and the resulting markel price so
thal no frm conld increase s profic by chaoging ils oulput level, given
thiat other firms produced the Cowrnol outpukb levels. Thas, Cownol
couilibrivm outpul levels constitute a Nash equilibrium in a game whers
frmns chioose oulput levebs.

Now that the cqnililicinm concept is well defined, we are Ielt to
calculite the Cournol equilibrium for this induslry. Firm s proft-
maximization problem yields Lhe lirst-order condition given by

) = gyl , ) — a— 2
aq

— g —

whicl yields the familiar profil-maximizing condition in which each firm
(Arm 1 in this equalion) sels its marginal revenue (ME{g ) = a — 2by, —
Lo equal lo marmmad casl, (e)). The sccond-order eondilion guaran-
teeing a glabal maximum is satished since ﬁ% = —2b < 0 [or every
g anil qa. Solving [or g o5 a Mnction of ¢ yiclds the hest-response
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function {alsn commonly known as reaction function) of firm 1, which
we dencte by B3 (gz). Hence,

a—e 1

1 = Ri{m} = o g (6.3}

Similarly, we can guess thal firm 2's best-response funetion is given hy

a— £n 1

g2 = f2(m) = Tk (6.4)

The hest-response funeiions of Lhe tan frms are drawn in Figure 6.1 in
Lhe [:‘-Il: 9'2) space.
1

Nz{a1)
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Figure €.1: Cournot best-response functions (the case for cp = )

The lwo best-response funchions are downward sloping, implyiog Lhat
for cach firm, if the rival’s oulpul level increases, the frn woeld lower its
gulput level. The intuition is that if one firm raises ils output level, the
price weuld drop, and hence in order Lo maintain a high price the other
firm would And it profilable Lo decrease its output level. A perhaps more
intultive explanation {or why a Arm’s best-response function is dowmwmarnd
sloping is that an increase in a rival's output shifts the restdual demend
faring a firm inward. Hence, when a Arm fares a lower demand it waonld
produce a smaller amount.

Now, the Cournot cquilibrinm cutput levels can be caloulated Ly
solving the two hest-response functions {6.3) and (6.4}, which correspond
to the interseciion of the curves illustrated in Figure 6.1. Thas,

e_8—2n+o

a=-2004+0
‘!'] Eﬂb -

and g7 = T

(6.5)
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Hence, the aggregate industry-ontput level is Q° = ¢f + g5 = —2-‘-’;55;“1,
and the Conrnot equilibonm price is

afcy+e

N F o
P°=a— b} 5

(6.6
It is easy to confirm from (6.5) that the cutput of the high-cast frm is
lower Lhian the oulpat level of the low-eost firin, Thal is, g0 = ¢ implies
that g, = g2-

Altogether, the Cournot profil (payoff) level of fiom +, as & [unelion
of the unit costs [or Grms € and 7, { £ 4, i5 given by

R e RGP Ty

a6 .

=
I

le-2ata) _pqyp. (©)

W conclude this scetion with some comparative static analysis. Sup-
pose that frn 1 imvenls & new produclion process that reduces its undt
production cost from o) to &, where & < . The type of B&D lead-
ing to ooat reduction s ealled  “proecess innowalion,” to which we will
retorn in Chapler 9. Equalion (6.5} implics that ¢ increases while ¢f
decreases, This is also shown In Fipnre 6.1, where a decrease in o shifts
Rilg:) Lo the nght, thereby increasing the equilibriom ¢f while decreas-
ing gf. Also, (6.6) implics that & desrease in & (or cz) wonld decrsase
the squilibrinm price g8, und {6.7) inplies that & decresse i o) wounld
increase (he profil of Grm 1 while lowering the profit of frm 2.

1.1.2 N-zeller pame

Suppe now the industry consists of N Arms, N > 1. We analyze
two types of such industrics: {a) & identical firmg, all baving the same
cost funstion, or (k) heterogeneons hroms, where some firme have cast
Fanctioms diferent [rom olhers. Since solving the gencral case of firms
with diflcrent cost functions wonld require solving & frst-order condi-
tions (intersecting N Lest-response functions), we first solve the model
by assuming that all firms have identical technologies. That iz o =«
lor cvery i = 1,2, . In the appendix {section 8.7) we inlroduce a
provedure tlhal makes solving the heierogeneous-frms case ensy.

Since all firms have the same cost strocture, the ficst step would
he to pick up one firm und caleulate its oulpul level as & Munction of
the culpul levels of all other Arms. In other words, we would like to
calculate the host-response function of a representative firm. With no
Yoz of generality, we defve the Lest-response funciion of frm I. Thus,
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firm 1 choases gy to

N
max Ty = p{@)qy — e = lﬂ- b (th)l HEHE

i=1

The Grsl-nrder conditlon Is given by

i S —biq —r
om ' i=2I 1

Hence, the best-response frmelion of firm 1 as a hmetion of the output
levels of Girma ¢s, 43, ..., gy 6 given by

N
a—ec 1
Ri(g2,qa,..- @} = 5 EZQ.-. (6.3)
i=2

In the general case, where brins heve differant cost functions, wo
woulid have to derive Lhe best-response function for each of the N Arme.
Howevor, since all firms nre identical, we can puesa thet in a Cournot
equilibrium, the Arrns would produce the same cutput lzvels: we guess
{and laler verify) that gf = g5 = ... = g%~ Thus, we denole Lhe com-
mon autput level by g, where g = g; for every 1. MNole that A common
mivtake: amonp students is to substitule g for g7 before the best-response
[unctions are derived- This prossdure 1n obviously lesding to the wrong
soluticn, since il implies thal each firm “controls™ the cutput level of
gll firms. Therefore, here we suhstitute the commen g ooly inte e
already derived hest-respornse functions. The use of symmetry here is
purely technical and s done Lo facilitale solving ¥ cquations with &
unknowns. From (6.8), we have it that g = 22° — 1{N — 1}g. Hence,

e=grrm s (5 (7). 0

The equilibrinm price and the profit level of each HBrm are given by

e+ Nc ﬁ=ﬂ :b{q’“)z_ {G.10}

et =7ry ™ "=y

Varying the number of firiru

We now ask how would Lhe Cournot price, quantity produced, and profit
levels change when we change the nomber of frms in the industry? Fist,
note that substitnting N = 1 into (.9 and (6.10) yields the monopoly
solulion described in secltion 5.1. Second, subslituting N = 2 yiclds the
ducpoly solulion described in (6.6), (6.6), and (6.7).
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Now, we let the oumber of Arns grow with no bounds, (N — oc).
Then, we have it that

) - ] A a—¢ N _fa—-c

Nm ¢*=0 ond Jim Q _z}i'?lm( 2 )(N—l—l)_( 2 )
{6.11)

Theal 13, in B Courmot equilibrium, a3 the nomber of firms prows iodef-

initely, the output level of each firm approaches zero whereas the in-
dustry™s aggregate output level approaches the competitive ontput level
given in Proposition 4.1. Also,

) e s @ Ne e
UL N e T Skt (6-12)

Henee, Lhe Cournot equilibrinm price approaches Lhe competitive price
that equols the unit production cost of a firm {sec Proposition 4.1).
These results often cause some canfusion wmanp studenly, leading them
lo believe that compelilive behevior ocenra only when there are many
(or nfinitcly many) firms. However, as we pointed out in chapter 4,
we cAn assume i eompetitive market structure for any given number of
firms, and even solve [or a competitive aquilibrium [or the case where
N = 1. What eguations (§.11) and {6.12) gay s that the Cournol market
structure yields approximetely the same price and industry oulput &s
the competitive market stracture when the number of frms is large.

8.1.3 Cournct equilibrium and wellare

Since our analysis starts with given demand Fanctions {rather than the
consumers’ utility fnetions), we eannct measure the social welfare by
calculoting consumers’ equilibrium-ulility levels. Instead, we approxi-
mete 3ocial welfare by ndding consumers® surplus and firms' profits {see
subscetion 3.2.3 on page 52 for & justification of this procedurs of wel-
[ere approximation}. Note thakb profit should be part of the economy’s
welfare because the firma are owned by Lhe consumers, who collect the
profits via firms’ distributions of dividends.
Substituting the Cournot equilibrium price (6.10) into (1.3} on page 52,

v obtain the consumers’ surplus a5 a uncticn of the number of firms,

N. Hence, CS°(N) = 2=t Clearly, 295%) -, 0, menning that eon-
sumers” surplns zes with the entry of more Arma, due to the reduction
in price and the increpse in the gquentity consumed.

We define social wellare as the sum of consumers' surplus plus the
indusiry ageregate profit (see seciion 4.3 on page 68 for & definilion).

Thus, if we recall {6.10),
WoN) = CS(N)+ Na*(N) {6.13)
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Alen, note Lhat ﬂ‘é},ﬂ > 0. Hence, olthough the industry profit declines
with an increass in the number of Arms, Lhe Increase in consumers’
surplos dominates the reduction in the industry profit. Thus, in this
econory, free entry is wellare improving!

6.2 BSequential Moves

In the previous section, we analyzed industries where firms stratogically
rhoase Lheir oulpul levels. All those games were static in the sense Llhak
players simultancously chonse their guantity produced. In this section,
we pasume Lhat the Brims move in sequence. For example, in a two-
firm, sequential-moves pame, firm 1 wAll chooss ita outpuot level befora
firm 2 doew. Then, Brm 2, efter observing the cutput level choscn by
fom 1, will choase s output level, and only then will output be suld
and profits collected by the two Arms. This type of mearkel atruclurs
is often referred to ne Leader Follower on the basis of von Stackelherg's
work (1934) (sce Konow 1094 for von Stackelberg's biograply}). This
type of behavior defines an extensive form geme studied in section 2.2.

In this section we do not reise the important gquestion of what deter-
mines the order of moves, that is, why one frm gets to chome its oubput
level belore angther. We return to Lhis question in chapter B, where
we distinguish emong established firms {called incumbent frms) and
potcalial enlrants. Hers, we asmsume that the order of moves is given,
and we develop the tools for solving an industry cquilibriom under a
predetermined order of moves.

We analyee a two-stags game, where firm 1 {the leader) chooses Lhe
quantity proeduced in the fArsl stage. The quantity chosen in the bt
slage is irreversible and caonot be adjusted in the second atage. In Lhe
second stage, only firm 2 (the [ollower) chooses how much to produce
after observing Lhe oulpul level chosen by firm L in the hrst stage. Here,
the game cnds after Lhe second stape, and epch Grm collects iz profil.
Crar main queslions are (g} Is (here any advantage for maving in the frsb
slage rather than Lhe second? and (b} How would the equilibrium markel
price and production levels compare Lo the stetic Cournol equilibrium
price and ontpul levels?

Following Delinilion 2.9 on page 26, this game has a continuum of
subgames indexed by the output level chomen by Grm 1 in the frst stage.
A Enile-lorizon dynamic game is gencrally solved backoards. We look
for a subgome perfect cquilibrivm {Definition 2.10 on page 27) for this
gome. Hence, we At analyze the players’ (firm 2 in our casc) action in
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the last period, assuming that the actions played in previous peniod are
given. Then, we go one period backwards, and analyze firm 1's aclion
given the strategy (2ee Definition 2.8 on page 24) of how frm 2 chooses its
output level based on the Brat-period action. To simplily Lle expaosition,
lel all Brma have identical unit cost, ¢ =3 = .

The second-period subgames

In the sccond period, only firm 2 moves and chooses g2 Lo maximize its
profit, taking irm 1's quantity produced, g1, as given. As you probably
noticed, we have already solved Llis problem before, since the second-
petiod preblem of Grm 2 is identical to the prollem frm 2 solves in
o Cournot market structure. This maximization resulis in the beal-
respanse function of firm 2 given in (6.4). Hence, Ra(m) =555 - Zq1.
Nole thal ihe Tunetion Ba(m ) constitutes frm 2's siratepy for this game,
since it specifies its action [or every possible action chosen by firm 1.

The firsi-period game

In period 1, fitm 1 caleulates Rafq) in the same way as firm 2. Thus,
Frm 1 is able o calculaie how Grm 2 will best reply to its choice of
cutput level. Knowing that, frm 1 chooses ¢f Lo

r':,';;"x“f =pla + Re(m )l —equ = [ﬂ - b (qu +2-€ q—i)] 1 — Oy

2b 2
(6.14)
We leave il Lo Lhe reader to derive Ll firat- sand second-order conditions.
Thus, the quanlity produced by the leader is
g—¢ 3,
d="S=ltg>q (6.15)
Hence, under Lhe sequential-moves market structore, the leader produces
a ligher level of output than the Cournel market strociure, Substitat-
ing {6.15) inte Ru{m ) yields the followers’ equilibriwn-output level:

5 o— 3

=GR TG {B.16}

implying that the follower's cutput level Falls compared with the Cournol
oulpat level. Thus, the leader’s gain in outpul expansion comes partly
[rom the redustion in the follower’s oulput level, The equilibrium price
and aggregate output levels are given by

a+ds a+2c
= i <3 =p°

and Q: — 3{”‘4; i:] - 2{“3; C} — Qr.

{6.1
Therelore,
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Propoaition 6.1 A sequenifal-stoves quentity game yields o higher ay-
gregate indwstry-output level and a lower maovkel price than the static
Cournol markel structure,

Thus, the equilibrium market oulcome under a sequential-moves game
is more competitive than the Coutnot equilibrium cutcome in the sense
that this cutcome is somewhere in between the competitive equilib-
riwn oulcome derived in chapter 4 and the Cournet outecme derived
in scctipn 6.1. The intuition behind Proposition 6.1 iz a=z follow: Un-
der the Cournot market structure, frm 1 peresives the sutput produced
by frm 2 as given. However, under sequential-moves market striebure,
firm 1 lmows fion 2's best-rosponse fonction and therefore calenlates
that Grm 2 will reduce its ontput level in response to its increase n
output level. Hence, when fitm 1 exponds cutpuk, it expects the price
to fall faster under Cournot than under sequential-moves markel struc-
ture. Therefore, in order mainlain a high price, frm 1 will produce more
under the sequentiel game than it will under Counot. Now, (6.15) and
{6.16) demonstrate that the Increase in ageregate output stems from the
fact thal the follower does nol fnd it profitable to cub ita output level
by the same amount as the increase in the leader's output Icvel. Thia
happens becanse the reaction fonctions arc sloped relatively Hal {slope
is nepative bul exeeeds -1], implying that s finn reduces ita oulput level
by less Lhan the increase in the output level of the tival frm.

We now compare Aoms' profit levels under scquential moves te the
Cournot profit levels, We leave it to the reader to verily Lhal the leader's
profit increases while the follower's declines. That is,

(a—c)®
165

(a—c)?
&b

A=

>af and W= < W, {(6.18)
where 77 and 5 are given in (0.7). Note that we conld heve concluded
even wilhoul going into the precise calenletions Lhaet the leader’s profit
under the scquential-game equilibrium will be higher than under the
Cowrnot. How? It is very simple! Bince irm 2 reacts in & “Nash [ash-
ion," Orm 1 conld just choose to produce the Cournot output level g7,
In this case, firm 1 would earn exactly the Conrnot proft. However,
since in Lthe sequential game Arm 1 chooses to prodoce a diferent oul-
put level, it mnst be increasing its profit comparcd with the Conmot
prefit level. The land of reasoning we just described 1s called & revealed
profilability argument, and Lhe reader iz nrged to learn to use this kind
of reasoning whenever posible because performing calenlations toe io-
vestipate economic eflects docs nok generate an inbuitive explanetion for
these effects. In contrast, logical deduclion oflen provides the necessary
inluition for understandiog economic phenomena.
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Finally, we can logically deducs how industry profit under sequential
moved compare with induslty profit under Cournol. Equations {G.17)
show that the market price under scquential moves is lower thon it
ia under Cournot. Since the Conmmot markel price is lower Lhan Lhe
monopoly’s price, and since monopoly makes the highest possible nroftk,
it is clear that indusiry profit musl drop when we Further reduce the
price below the monopoly's price. Hence, wheaever &3 = 2, industry
profit must be lower nnder sequential moves. In a more general envi-
ronment, thie arpument may not holds when the industry profit is not a
concave function of p.

6.3 Pertrand Market Structure

In a Cournot market structure firms were assumed to choose their ont-
pul levels, where the market price mdjusted to clear the market and
was Iound by substituting the quantiby produced into copsumers’ de-
mend function. In contrest, in s Bertrand mearkel siructore frms set
pricea rather than output levels. The attrastive (cature of the Bertrand
setup, compared with the Cournot market strueture, stems [rom the [act
thal firms are able to change prices (aster and at less cost than 6o set
quantitics, bevause changing quantities will require 2n adjustment of n-
ventories, which may necessitate a change in firms' capacily to produce.
Thus, in the short run, quanlity changes may not be feasible, or may be
too austly to the seller. However, chanping prices i3 a relatively low-cost
action that may requirc only a change in the labels displayed on the
shelves in the store. Let us tnm to the Berirand market stroclure.

In 12883 Joseph Bertrand published a review of Cournol's book [1838)
harahly erilies] of Cournol's modeling. It seems, kowever, that Berlrand
was dissatisfied with the general modeling of olipopoly tather then will
Lhe apectfic mode] derived by Cournol. Today, most economists beliove
that quantlity and price oligopoly gamcs are bokh necded to understand a
wvariety of markets. That In, for some markels, an sammption thet Grims
gel quaniiiles mey yield lhe observed market price and quanlity pro-
duced, whereas [or athers, a price-setting game may yield Lhe chaerved
merket outeornes. Our job a5 economista wonld then be to decide which
market structure yiclds a belter approximation of the ohseryed price and
quantity sold in each specific market.

We now analyze the two-Arm industry defined in (6.1} and (6.2) and
look for a Nash equilibrium {see Definition 2.4} in a game where Lhe
two Frms wse their prices as their actions. First, note that so far, our
annlysts haa eoncentrated on g aingle markel price determined by our
assumpticn that consumers ore always on their demand curve. How-
ever, in a Bertrand game we heve to consder onteomes where each firm
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scts o different price for its product. Therelore, we now make two ex-
plicif mssumptions about consumers’ behavior under all posible prices
announced by both Brms:

l. Consumners always purchase from the cheapast seller.

2. I two sellers charge the sume price, hall of the consmmers purchase
From firm } and the other hall purchase fowmw fim 2,

Formally, we madify the demand given in (6.2) to capturc the quantity
demend feced by cach firm i, i = 1, 2. Thercfors, we assume that

0 ifp, > a
_ [} i[p."}pj - . . 6,19
0= _c_:ig ifPi=PjEF{ﬂ i=12i#} (' J

P if p; < min{a, p;}

Fquation {6.19) is the quantity demend facing fmm ¢ at any given m
and pa ond incorporates whal is commonly called u refioning rule, which
tells ns how the market demand is divided between two hrms selling a
homogencous product. Thus, if firm { charges a higher price than firm 7,
then no consumer wonld purchase the produet from frm 4. In conbrast,
if oy = py, then all the consumers will purchase only from frm 4, and
none will purchase from firm #. In this case, the quentily demanded from
firm i is ealealated directly from (6.2). Finally, if both firms charge the
same prices, then the guantity demand determined in (6.2} i5 cqually
split between the two Arms.

DEFINITION 6.2 The quadruple {pd, 58, ¢%, 4§} 45 ¢ Bertrand-Nash
equilibrinm if

1. given py =8, Pl magimizes max,, m{p,ph} = (p1 —c1)m
2. given p. = B, ph mazimizes max,, #2{p?, pa) = (P2 — cu)g2
3. @ ond gz are determined in (6. 15).

Definition 6.2 slates that in a Bertrund-Nash equilibrium, ne irm ean
inerease ils profit by unilaterally changing its price.

In the next two subscetions we apply Definition 6.2 to too types of
merkets: the first, where Amms do not have capacity consiraints and
can produce sny ameounl they wish under the sssumed cost sbructure;
and the second, where we pssume that firms’ capacities are limiled and
thercfore, in the short run, they are unable to expand produoction.
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6.3.1 BSolving for Bertrand equilibrium

Belore we charactorize the Bertrand equilibria, it is importanl to un-
derstand the disconlimity feature of this game. In the Cournot gome,
the payoff (profil) functions are conlinuous with respect Lo the strategic
variables {gquantities); in the Bertrand price game, by contrast, equa-
tion {6.19) exhibils a discontinuity of the payoff lunctions at all the
outcomes where py = po. That is, il onc frm sells at 2 price thot is
one cent higher than the other firm, it wouold have o zero merkel shere.
However, a two-cent price reduction by this Arm weuld give this firm a
one 100 percenl markel share. The aclion of o firm Lo slightly reduce
the price below thet of its compedilor is called wnderentiing. Since un-
derculting involves selting a price slightly lower than the competitor’s,
w need Lo exminine the Lypes ol currencies used in order to determine
the smallest possible undercutting selions available to Arms. Therefore,
we make the [ollowing definition:

DEFNITION 6.2 Lef ¢ be the smallest possible monetery denomination
(smatlest legal tender). The medivm of ezehange {monay) is said o be
conkinuous {f ¢ =0, and discrete if ¢ = 0,

Examples of discrete smallest legal tenders are: in China, ¢ = 1 Fer; in
Finland, ¢ = 10 Penoid; in Israel, € = § Agorol; end in bhe US, ¢ =1
cent.

The [ollowing proposition characlerizes Bertrand equilibria.

Proposition 6.2

1. If the medivm of exchange i continuous and if the firms hove the
same cost structure, fen = 51 = ¢}, then ¢ Berivand equilibrium is
PY =ps =c, and ¢} = g§ = (a— c}/(28).

£, Let the medium of ezchange be discrefe, ond assume thot oo i de-
nominated in the wmedium of ezchaenge. That is, oo = Ae, where
A= 2 s an integer. Also let e be sufficiently small, that i, safis-
fying (g —e— ) (=9E) > (g7 — 1) (552). Ifea — ¢y > ¢, then
Pe=cz, ph=cx—¢, o5 =0, and g = {a — 3 + €}/ constitnte a
Bertrend equilibrium.

Thws, if firms have equal wnit costs, the Pertrand eguilibrium price and
aggregabe ouktputb are the same ps lor the competitive equililuium. In
other words, wndercutting reduces Lhe prices te marginal cost. In cases
where firm 1 [as & lower unit cost than firm 2, frm 1 uoderents frm 2
by charging the highesl pemsible price that is lower ihan ez, which is
given by pr = ¢2 — ¢
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Proof. Part 1: In equilibrium, each frm must make nonnegative profit.
Henece, ¢ > o, 1= 1, 2.

We ?iis; o ablish that in a Bertrand equilibrium both frms cliarge
the same prices. Dy way of contradiction suppose Lhat o= S > e
Then, by [6.19), irm 1 mekes zero profit. Howevir, since the m.edm_m
of exchauge is continuous, firm 1 can Inerease its profit by r?ducml_; its
price Lo g} > B > & and grab the crlire markst, Lherchy making strietly

ositive proft, & contradiction.
g By v.gy of conlradiction suppose thet p} > p§ = c. ThE]’.:l., sim?e the
medium of exchange in contimeus, firm 2 can raise s price sllght!}r
while still maintaining a lower price than firm 1. Hence, firm 2 will
deviale, a contradiclion. .

Now thut we have established that #f = p§, by way ?E contradic-
tion mssnme that pt = p§ > ¢. Clearly, this cannol constilute a Nash
equilibrium in prices since firm 1, say, would have an incentive unilat-
erally to reduce iks price bo p1 = % — ¢, where € can h!_: as zmall ns orle
wants, therchy grebbing Lhe entire market. For € sufficiently small, this
deviation is profitable [or firm 1

Pari 2- To briefly sketch the proof of part 2, observe that ﬁ1:n_1 2
makes a zero profit und cannot increase ils profit by unilaterally raising
its price above pt = ez Hence, firm 2 does not deviate. Now, for
firm 1 to be eble to sell a positive amount, il must set pf < c2. I
8 = ez = pb, then (G.19) implies that the firms sp].'li._ the market by
gelling each q; = “3f2- In this case, the profit of firm 1 1=
m = {ca— 1) = (ea— Et}a 2;2- {6.20)

However, il firm 1 nndercuts by the smallest legal tentdler, then it becomes
the sole zeller and sells ¢ = "—_{%_—‘l. In this case,

T ={52—€-51]91={C2—f—ﬂ1}#ﬂ. {6.21)

Comparing (8.20) with (6.21) yields the condilion stated m part 2. W

6.3.2 Bortrand under ecapacity constraints

The previons seclion demonstrated thet when the firms have the same
east struclure, price competition reduces prices to unib costs, thereby
making firms earn gzero profils.  Economists cAen [eel unomioriakble
with this result, cspecially since it makes the number of Grms in the
industry irrelevant, in the sense that under symmetric Bertramd com-
petition, price drops to unil cost cven when there are only Lwo ﬁ_n_ns_
Now, if most industries ere indeed engoaged in a Bertrand competilion
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an deweribed in this section, then we shonld alwerve unil-cost prices [or
Lhose indnsiries with two or morc brms. IT Lhis case 35 realistic, thon
the antitrust anlthorily should not have to worry aboul indusiries’ coo-
centration levels and should devole all its effort ta fighting monopalics.
Clearly, we rarely observe intense price competition among indnstries
with i small number of firms, and therelore the antitoust authority chal-
lenges inergers of Arms that lead to highly concenlrated industnes {sec
Section 8.G).

(ve way to overcome this problem is Lo [ollow Edgeworth (1925}
and Lo assume that in Lhe short run, fitms are constrained by glven ea-
praciky that limits their production levels. The Trish ccanomist Francis
Yeidro BEdgeworth, whe made enormous contributions (e esonarmic the-
ory and olher disclplines, identifed some discontinuily properties of Lle
[irtns' probt functions when frms produce under inereasing marginal
cost (decreasing relurns to seals) technologies. In Edgeworth’s words
(Bdgawarth 1925, 118):

In the last cose there will be an inlermediale track throngh
which ilie index of value will oscillate, or rathor vibrale ix-
regulacly for an indefinite length of time. There will never
be reached What determioite position of cquilibrinm which is
charavicristic of pofect compedition.

W demonstrale Edgeworth's argwment by assnming am exciteme vor-
sion of increasiog mwargioal cosl, which is letting the cosl of expanding
praduction beyond a certain outpul level {which we call capacity) be
infinite, Iipure 6.2 illostrates 1 market-demand curve composed of four
consumers, each buying, al moslk, one ik,

Fignre 6.2 assumes that consumer 1 is willing Lo pay a maximmun of
83 ot one unif, consunler 2 a waxdmmum of $2, consomer 3 a masionon
of #1, and consumer 4 will not pay al all. Such prices are commonly
torimed as conswtners' reserivilion prices.

Supposc now thal there are bwo firms amd that cach is capable of
produscing at zero cust, ¢ = o = 0. Then, Proposilion 6.2, proved in
the provious subseclion, shows that if Army are not subject to capacily
constraionts, then Hertrand compelition would lead to prices of zero,
Py =pi=0.

To demonstrate Edgeworlh's argument, suppose now that in the
shorl run each firm Is lmited to producing, at mosl, two units. Then,
it is easy Lo show that the prices p = = lno longer constilale a
MNash equililigum. To see this, ohserve Lhad firm 1 can increass ils profit
from m = 0 lo o = 3 by increasing its price to p; = 3, and selling
its nnik Lo the consumer with the highest reservalion priee. In this ont-
come, firm 1 sells one unit to the consumer with a reservation price of 3,
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whereas frm 2 sells a unit to one of the olher consumers for the price
of g = 0. Since one firm would always want ta deviate From the unik
cast pricing, we conclude that the Bertrand equilibrium prices under no
capacity constraints need not be Mash equilibrium prices under capasity
conslraints.

Q

Figure 6.2: Edgeworth Cyecls: Bertrand competition under capacity
constrainld

We arc loft to show that in Lhe present, example there does not exist
& Nash cquilibrium in prices. This result 15 sometimes referred to as
Edgewarth Cyeles since under any pair of Grms’ prices, one Brm would
always find it profiteble to deviate. To see Lhis, Jet us look at the culcome
pp = 3 and pg = 0. Cleatly, firm 2 would deviate and nndercut firm 1
by selting pz = 3 — ¢, where € 15 & small number. In ihis cose Bem 1
sells nothing, whercas firm 2 sells its unit to the consumer wilh the
highest reservation price, and earns a profit of 7g =3 —e = 3. Clearly,
frms continue underculting each other's prices and a Nash equilibrium
in prices is never reached. Hence, we showed that marginal-cost pricing
is nol an equilibrinm under capacity constreink, and thal firms will keep
changing prives without reaching any Nash cgmlibriom in pricea.

Finally, it should Le pointed oul that iniroducing capacily con-
straints on the firms is not the only way to generate above-marginal-cost
equilibrinm prices. Above marginal-cost pricing can be an equilibrinm
omtcome {a) when products are differentisted (see net chapter}, (b}
when demand randomly Buctustes, and {¢) when frmns are engaged In
an infinitely pricing repealed game.

6.4 Cournot versus Bertrand

In sections 6.1 and 6.3 we anelyzed Lhe same induslry where In the
Cournot-market-structure firms use quantity produced as actions, whereas
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in the Bertrand-market-structure frms use prices as actions, The analy-
ses of these sections show that in general, the two types of market strze-
tures yield different market ontcomes {prices and quantity produced).
Thus, when we chonge the firms' actions from choosing quantilies to
choosing prices, the Nesh equilibrinum yields a completely diferent out-
come because under Cournot, firms make positive profil, since the result-
ing market price exceeds unit cost, whercas under Bertrand, prices drop
o unil cost, Moreover, i a Bertmand pame, only the low-cost firm pro-
duces, which is generally not the case for the Cournol gane, Therefore,
we can state Lhat in a one-shot {stalic) game there is no corrcspondence
between the Cournct soluticn and the Bertrand solution.

However, Kreps and Scheinkman {1982) constructed n particular en-
vironment (@ parlicular two-period dynamic game) where; in the Brat
period, firms choose quantity produced {accummlate inventories) and in
the second period, the quantitics are Axed {cannot be changed) and firms
chooge prices. They showed that the quantities chosen by frms in the
first pericd and the price chosen in Lthe second period are exactly the
Cournot cutcome given in (6.5) and {6.6). That is, they show that for
pome market games where two finns choose how murch Lo produce in
pericd 1, and then sct prices in period 2, o subgame perfect equilibrium
{522 Definition 2.10 on page 27) yields the exact quantity praduced and
price as those in a one-shot Cournol-market-siructure game, where fitms
chonse only how much to prodoce,

We will not bring a complete proof of their proposition; however, we
illustrate the idea in our simple two-firm induostry for the case where
p= 10—, and both firms have a unit cost of e = 1.

As we discussed earlier, Lhe easiest way of solving for a subgame
pedfect equilibrbum for o dynamic finite game is to solve it backwards.
Therefore, we begin wiith the second perod and sk what prices will
ke chosen by firms in a Mash-equilibrium oneshot price game, whers
Lhe guanlity produced Is taken as given by Arst-period choices. Then,
wi analyze the first period looking [or a subgame perfect, equilibriam in
Erst-period production levels, where firms can calculate ond take into
arcount the second-peried equilibrium market prices, which depend on
fnst-period production levela.

The second-period subgeme

Assume that (or some reason, the firms choose to produce the Couwmot
capacily levels f = ¢f = 3. Henee, total indnstry qutput is §° = 6.
We now show that in a Nash equiltbrium for Lhe second-period subgame
both Arms will choose to set prices that clear the market under the
Cournot oubeome. That is, each Brm will set p; = 4 = p~. Figure 6.3
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Hhustretes the Coumot oulaome.

Q @m=3 @

Figure 6.3: Hesidual demend wlhen fioms hawve fived inventories

Naote thot in the second perind, frms are free to choose any price
they wish 30 that the Nash equilibrium prices may differ from p* = 4,
To demaneirate Lhal this is not the case, we now show that given pp = 4,
firmm 1 vAll not deviate and will alzc choose p; = 4. Firat, note that Arm 1
will not lower ils price below p) = 4 because o price reduction will not
be [ollowed by an increase in sales (the capaciby s limited to g, = 3.)
Thus, lowering the price will only lower ila revenue.

Becond, we must show that Grm 1 caonot increase its prafit by raising
its price and =elling less than gf = 3. The right side of Figure 6.3
exhibils the residunal demand [acing Grm 1 when it raises its price above
7§ = 4. Residual demand is the demand faging frm 1 after the quantity
supplied by brin 3 13 subtracled from the agerepate induslry demand.
In the present case, we subtract g5 = 3 rom the aggregate demand
curve to obtain the residual demand earve laring frm 1, given by g) =
=-p~-~3=T7-porils imversec p = T — q- Thc most important
observation to be made about Fipure 6.3 1 thut the marpinal-revenne
curve derived from this residual-demand Tonction (MR (q1) =7 — 2q)
is strictly posiltive for all output levels satisfving (g = 3.5), implying
that the residunl demand is elastic at this mlervel. Therefore, increasing
¥ will only reduce the revenue of frm 1. This cstablishes the lollowing
claim.

Lemma 6.1 [f the oufput (capecily) levels chosen in period [ sefisfy
g1+ gz < B, fhen the Nosh eguitibrium exchibils both firms choosing the
markel-clearing price in the sccond period.

Lemma 6.1 shows that, given fArms' choices of output levels, in the
second-period price game firms will strategically choose b play the mar-
ket price that clears the market atb Lthe given aggrepale oulpat level.
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The first-period game

In the Brsi penod, firms observe thal the second-periad price wonld be
Lhe market-clearing price {Lemma 6.1}, Thercfore, for each firm, the
frst-period-capaciiy-choiee problem is precisely bhe Cournot-guantiiy-
chioice problew: as formulated in Definition 6.1. Heuce, in the firsi period,
firms wauld cheese the Cournod quantity levels 47 = ¢ = 3. Intuibively,
in the [irsl period both firms know that the second-period price choices
Ly both Arms would be the price that clears the market [or the Rrst-
period production levels. This knowledge makes the frms' frst-poriod-
output-choice prablem identical to frms' outpui cheices in a Cournol
market situcture as defined in Defnition 6.1

Finally, nate thal this illuslration does nol provide a complete proof
for this atalement, since in Lemma 6.1 we assumed that the Grms did not
choose “vory high” rapacily levels in the first period. In that respect,
Lemma 6.1 is not proven [or oulpul levels exceeding gy + g > 6. We
refrain from proving Lhat in order Lo avoid using mixed strategies im this
Look. Also, from time to time this result eanscs some confasion atnong
studenis and researchers, leading them to state thab there is no rea-
son for using Bertrand price compelition anymore since the two-periad,
capacity-price game would yield the same oulcame as the Conrnot mar-
ket slructnre. Nole that this statement is too strong, since il holds only
for the particelar two-period game analyzed in the present sacllon,

6.5 Self-Enforcing Collusion

In this section we exlend the basic static Cournot game to an infinitely
repeated gamwe in which Grms produce outpnt and eollect profits in each
period. Although the analysis in this section is sell-contained, the reader
15 urged to abtain some backaround on repeated games by realing sce-
tion 2.3,

Oue very important resuli will emerge from analyzing an infinitely
repealed Conrnot pame, namely, Lhal the oubeowe in which all frms
praduce the collosive oulpul levels (see the rartel analysis in sulsec-
tion 5.4.1) constitules a subgame perfect equilibrium [or Lhe nonCooD-
erakive repeated Cournol game. Maore preciscly, in subsection 6.1.2 we
proved that under the Cournol market structire with Lwe or more frrns,
aggregate induslry ontput exceeds the monopoly cutput level {widcl
enquals the cartel’s tolal ontput level). Morcover, we showed thal as the
number of frms increases, the output level increascs and ConVeTgEes Lo
the competitive oulpnt level. ANogether, frws have a lob Lo gain by
colludiny rather than competing wider any markel structure. In this
section we show that il the Cournot game is repeaied infinitely, Lhen

— T Ty
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tLe collusive oulput level can emerge as a noncooperative equilibrinm.
Thé importance of this result 1s that il implies thel observing an indus-
try where production levels are limiled snd Brms make strictly positive
profits docs not imply that the firms wre engaged In any cooperalive
activities. In fact, what we show in this section is that the cooperative
collusive oulput levels can be sustained ax v noncooperalive equilibrium,

In the snbsection 6.5.1 we develop & simple Cournot duopoly medel
and anelyse the incentives to collude among Rrms and the incentive
Ior cach Arm to unilaterally deviate rom collusion when the game is
played only once. Subsection 6.5.2 analyezcs equilibium outcome when
Lhe one-shot zame is repeated infinitely.

6.5.1 The one-shot game

Consider the [ollowing basic one-shet Conrnot game: Thers are two
firms denoted by ¢ = 1,2. We denote by ¢, lhe oulput level of firm i.
The demand [acing the indusley s p=1—gq — - et @ =q + @
denote the aggregate industoy-pukpnt level, and asseme Lhal produciisn
is costless,

In the following subsubscctions we quickly dedve the already famil-
jar Cournot duepaly equilibrium, the sollusion [eooperative) monopoly
equilibrivm, and then the incentives to deviale from the cooperatbive
outcome.

DPuapoly- Newn-cooperative behavior

In view of Definiticn 6.1, in & Coumat market strocture Gom 1 maximises
T = (L—¢ —§2)q1, yielding & best-response function: ¢;{gg} = (1—-g2}/2
and the equilibrium ouiput levels q; = gz = 1/3 = M, where M stands
for medium production level. Hence, @ = 23, and p = 1/3, implying
that w; = 1/9. The profits of the Grms under ducpoly are displayed in
the second column and secend row of Table 6.1.

Firm 2
=L=} @m=M=} @=H=}
a=l=3|3  s|&  sla &
Firm1 g=M=1|% 21: L& =
e S H I P

Table §.1: Cooperalion L; Moncooperalive Cournot duopely M; Defec-
tion {from cooperalion .
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Collusion: Coepernlive befinwior

We assume that when the lwe firms collude, they act as a cartel, an-
alyzed in subseciion 5.4.1. Since the Arms heve Identical technologics
that exhibik constant relurns to seale, the present coase is easy Lo analyze
becauze under CIRS there is no difference whether under collusion they
oparate onc or two plantz. In mny case, the cartel’s profib-maximizing
gutput is lound by equaling MR(E}) = [ — 2§ = 0 = M, implying
thet @ = 172, p = 1/2, Hence, equal division ol output between the
two colluding Arms imply thal ¢ = L = 1/4, where L stands for “low"
oulpul levels. Thus, as cxpected, collusion implies that hoth frms re-
slrict Lheir output levels below Lhe Cournot output levels. The two Arns
cqually divide the profik, a0 m; = 22 = 1/8, which is displayed in the
Aret column and row in Table 6.1

Derviation from colfusion

Suppsee that firm 2 plays the naive collusive output level g2 = L. We
now show that in this one-shol game, Arm 1 con increase ils profil by
unilaterally increasing its output Jevel. To see that, for given g2 = 1/4,
firm 1 chooses qp to maxw, = {1 —qy — 1/4)q,, yielding 0 =374 — 24,.
Heuce, q; = 3/8 = H. Thus, if fitm 2 does not deviale [rom ¢ = L,
firmn 1 has the incentive to ingrease ils oulpul o & high level. In this
cesa, @ =3/8+1/4 =578, p=3/8, m = 9/64 and mx = 3/32; Lolh are
displayed in Lhe Arsi column, third row in Table 6.1,

Equilibrium in the one-shol game

The Rrst part of Lhe next proposilion follows directly from equation (6.5)
and also from Tahle 6.1, The second pari follows from Definition 2.6 and
Table 6.1.

Proposition 6.3 fn ihe onc-shel gome:

1. there coists @ unique Cournot-Nosh egudibrium, qiven by
@ =m=M=1/3

8. the eguilibrium outcome i3 Parede downinated by the “cooperative
outeome” g = qu = L =174,

Note that we use the Parelo eriterion bo reler only to the profil of frms,
thereby disregarding consumers’ wellare.

3.5.2 The infinllely repeated gome

Suppose now Elal the (wo firms live forever. The game proceeds as
lollows: In each period £ hoth firms olbserve whal both firms played in
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all narlicr periods {observe period € history as delined in Definition 2.11})
and then play the one-shot game described in Table 6.1. Thal is, in each
period &, cach firm ¢ chooses g, (), where gi(t) € (L,M,H}, i=1,2 and
{=1,2,.... A strategy of frm 7 is a list of oulput levels chosen cach
prriod by firm i after the Brm observed all the outpul levels chosen Ty
each Brm in all earlier periods (see Definition 2.11 for a precise definition
ol a strategy in rcpeated games).

Let 0 < p < | be the discount factor. Nole that in perlect capilal
markets, the discount [actor 15 inversely related to the intercst rate. Let
r denote the interest rale. Then, p = 7&-- As » rises, p [alls, meaning
that fulure profits are less waluable today. Following Assumption 21,
we sssume that the objective of cach firm is to maximize the sum of
present and discounted [wiure profils given by

[l ne)
II; = Z P (1) (6.22)
i=1
where Lhe values of m;(f) arc given in Table 6.1,

The trigger alrategy

We rostrict the discussion here Lo one type of sirategies called frigger
strategies, meaning that in every period 7 each player cooperates (ay-
ing ¢,(7) = L) as long a5 all players (including hunsell} conpersted in
all periods t = 1,..., 7 — 1 (see Definition 2.11 for a precise detinition).
However, if any player deviated in some period ¢ € {1,...,7— 1}, then
player 7 plays the noncooperative (duopoly) stralegy forever! That is,
gty =M oreveryt =77+ L7+ 2. Formally, lel us restate
Dehnition 2.12 lor the present game,

DEFINITION 6.4 Player i ix said to be playing a trigger strategy if for
cucry period T, T = 1,4,..

[ L wlmgasqit)=g@ll=Lfradit=1...,7— 1
wlr)= M Otherwise

In other words, firm ¢ cooperates by reskocling its ontpul as Jong us
all firms rostrict their output levels in sarlier periods. However, if any
firm deviates even once, then firm i produccs the siatic Crumni-Nash
duopoly cutput leval [orever-

Eqnlibriwm m irigger slrulegies

We now seek Lo investigate under what conditions playing tnigger strate-
gies consiiiutes a subgame perfect equilibrium {see Definilion 210 LI
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Lurns oul that for a small digcount [actor, a Brm may beneft by devi-
ating from the cooperative outpul level, Lthereby collecting a temporary
high profit by sacrificing the exira Fulure profils penerated by coopera-
tion. However, Ior a sufficiently large discounl factor we can state the
[allowing, proposition:

Proposition 6.4 If the discount faclor s sufficiently large, then Lhe
outcome where both firms play their trigger strategies is a SPE. Formally,
trigger stralegies defined én Definition 6.4 constitute n SPE if p = 9/17.

Preof. We Iook atb a representative perlod, call it period 7, and supposs
that neither rm has deviated in perieds &t = I,...,7 — 1. Then, il
firm 1 deviates and plays qi(r) = & (the best response to g{r} = L},
Tahle 6.1 shows that m {7} = 9/64 > 1/8. However, given thaet fnn 1
deviates, frm 2's equilibriom strategy calls for playing go{t) = M lor
every ¢ = 7 + 1. Hence the period 7 + 1 sum of discounted profits of
Brm 1 {or all pefods £ > v+ 1 15 I'E'p'.lT Note that we wsed the familar
formula for calenlating the present value of an iofinite siream of profits
given by 1+ p+ %+ 5" +... = L2 o' = 1=5- Hence, il frm 1 deviales
in periad 1, its sum of discounted profits is
] 1l

II; = 8l + EE- {(6.23)
Howaever, il irm 1 does ool deviate in period 7, then both Grms conlinue
producing the collesive output yiclding

11

o = — =
L= T—p8

{6.24)

Comparing (6.23) with {6.24} yields the conclusion that devialion is nof
profitable for Arm 1 if p > 9f17.

As wenoled in the proof of Proposition 2.5, to prove snbeame perfec-
tion we need ta show Lhat each firm would find it profitable to respond
with deviation when it realizes that deviation accurred in an earlier
period, as stated in the delinition of the trigger straiegy described in
Definition 6.4. That is, we still need to show that o firm would produce
a lovel of M lorever onrce either firm deviated in an earlier period. In the
language of game theorists, wo need to show Lbal the irigger strategy
is Lhe best responsc even il Le game “drifts” off the equilibrum path-
However, Definilion 6.4 implies that if firm 7 deviates, then firm § would
produce M in all future periods. Then, Table G.1 shows that firm "3
hest responsc to Arm 3's playing M is to ploy M. Hence, the Lrigger
strategies defined in Definition 6.4 conatitute a SPE. [ |
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Discussion of Irigger strofegies and exicrnsions

The purpose of section 6.5 wes Lo demonstrate that in an infinitely
repeated pame, Lhe set of oligupely equilibris is larger than that of &
one-shot game and includes cooperative outcomes in addition to the
familiar nonecoperalive outcome- Readers who wish to learn more about
cooperalion in oligopolistic market sbructures arc relorred ta Alreu 1986,
Fricdman 1971, 1977, Green and Porter 1984, Segemsirom 1988, Tircle
1988 chap. 5, and more tecent books on game Lheory noted in the
reforcnces Lo chapter 2.

We conclude cur anslysis of dynamic collusion with two remarks: (=)
We heve nol discussed what would happen Lo our cooperative equilib-
rium when we increase the munber of frms in the industry. Lembson
{1984} has shown that under general demand condilions the cooperaticn
rontinues to hold as long as the demand {or the product increases at the
same rate as the number of firms. The intuition behind this result is as
Followra: Il the number of firms grows over time but the demand slaya
consient, then the future profit of each frm would drop, Implying that
firms wonld have a slronger incenkive to deviete from Lhe collusive ont-
put level. Hence, in such o case, collusion is less likely to be susiained.
{b) Ancther natursl question to be asked 15 how booms and recessions
affect Lhe passibility of collusion amony, irms. Rotemberg and Saloner
{1986} analyzc collosion nnder stochastic demand. The problem they
jnvestigate is whether collusion is more susteinable during booms (a
high realization of the demand)} Lhan during recessions {a low demand
reabization).

6.6 Imternational Trade in Homogeneous Producis

In this seciion we analyze two isars related to intermational trade in
homogencous products.  Subsection B.6.1 demonstrales the possibility
that countries sell howogencms producls Lelow cost in other countries.
Subsection 6.6.2 cvaluates how the formation of customs nnions and free
trade agreements affect inlernational trade in bomopeneous products.

6.6.1 Reciprocal dumping in international trade

An application of the Cournot equilibriun for international trade is piven
in Brander and Krugman 1983. Supposc that there are two idenlical
trading counlries indexed by &, k = 1,2. The demand schedule in each
country is given by pi{Qr) = & — b3y, where & is the sum of local
production and imporl. In each country there is ene frm producing a
homopeuesous product that is sold both at home and abroad. To keep
this exnmple simple, amume that production is costless, thal is, e =0,
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The two counlries arc separated by an ocean, and Lherefore, ship-
ping the good across the continents is costly. Also, assume that the
lranspottation cosi is pald by the exporting Grm,

Lel 7 dengte Lhe per-unit internalional iransporiation cosl, and let
g denote the production level of the frm located in country k, £ =1,2.
Since each Arm sells both at home and abroad, the output of firm k s
decompased into hoine {local) sules {(denoted by ¢!) and foreign (export)
sales {dencted by q{]l, Therelore, the Lotal output sold in counkry 1 is
=g+ q{ , and the tolal ontpul sold in counlry 275 Q=2 = g+ q{ .

The profit of each firm is the revenune collected In each country mious
Lthe coat of production (assumed Lo be zero) minns exporl transporlation
cost. Formally, the profit of the fimm located in country 1 is

m o= pu{gf + o)l +plel +adde] -1l T (6.29)

The profil of the frm located in counlry 2 is

w2 =polad + il Yol + oulel + ) — . (6.26)

The first-order conditions for {6.25} arc

8
=M o obgh —bgf and 0=T%—a—2bgf — g} -1

Bl daf

Notice that the two first-order conditions are independent in Lhe sense
that q{ {[oreign sales) does not appear in the first condition and ¢f (home
sales) docs not appear in the second. Thia fellows from our particular
use of the linear cosl strocture. In general, when the eosl fumelion is
nonlinear, the two condilions would nol be independent. The firsL-order
conditiona for (6.26)

Bz

=a_=a-2bq£'—brir{ and D=a—mi=ﬂ—2ﬁf1‘gr—bq{'—f-
]

g

Using this special case, we can solve {or the Cournot equilibrium
onlpnt levels for each country separately. In this case {6.5) implies that
lor firm &, k= 1,2,

]

a+T r
h:

a-—2r 2a—1T1 ct+T
PR - '

5 , Q= T and py = (6.27)

g =

Nole thal as lransportabion becomes more costly (v increasas), the

share of domestic sales increases in each couniry, whereas the level of
cxport declines, Also, as v increases, p; increases.




122 Markets for Homogeneous Products

Dumping

One of the major rules of GATT (General Agreement on Tariffs and
Trade) is thet dumping is prohibited. Before we define dumping we
peed to distinguish between two Lypes ol prices used in intcroaticnal
transactions: (a) FOB price (free-on-board), meaning the price recelved
by the producer when the product leaves the plant. This price docs
nat include the payments for transportation and insarance. (k) CIF
price (cost-insurance-freight), which includes all tranaporistion as well
a9 insurance ensts, I[ we assume away dealers, which would make the
CIF price even higher, the consumer pays the CIF price, wherees ihe
exporter Teceives the FOR poice per unil of export.

Brander end Kmgman {1983} use the term dumping to deseribe o
situation where the FOB export price is lower Lhan the price charged
for domestic sales. Formelly, in the present model,

e+ T o —2r
CIF —py = gnd pfOF = pfIF _ 7= . {6.28)

Thus, each Grm in cach conntry "dumps" Lhe product in Lhe other
country by “subsidizing” the transportation cost. Another commonly
used definition of dumping is when o frm sells abroad ab a price helow
cost. This dees not happen in the present model.

Finally, note thal for thia problem, the Cournot market strusture
gencrates inclicient trade singe the world could save the bransporletion
et if each firm sells only in its home country. However, in general,
making each firm a monopoly in its own country would generste Lhe

ather [amiliar ineficiencies.

4.3.2 Homogencous products and preferential trade
Agreements aAmong countries

There &re three general lypes of trade agreements among conntries: (1)
the fre-trade agreement (FTA), which 1 an agreement among coun-
tries to eliminate trade barriers among, Lhe member countries, but noder
which each counlry is Irec bo scb its own trade restrictions sgainst Lade
with nonmember countries; (2] the customs union (CU), which s on
agreement among countries to climinate tarifls on goeds imported from
other member countries of the union and to set a uniforin Lrade pol-
ity reparding nonmember countries; and (3) the common market (CM},
whore, in addition to the climination of tariffs among member countries
und in addition to the commen Lenfl poliey Loward nonmembers, there
is a [rea movement of [actors of production among member countries.
Formal analyses of these apreements were Arat glven by Viner, Meade
and Vanel, and Lhe interested reader is referred to surveys of litcraiure
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given in Corden 1984 and Vousden 1980, or in almost any elemenlary
book on international trade.

Constder the lollowing world. There are three couniries: Lhe Euro-
pean Community (EC), the Far East (FE) and Israsl {IL}. Assuyme that
I ia & small eountry, thus it cannot affect the world prices. Cnly FE
and EC produce carpets that are imperted by 13- Assume that carpets
cannot be produced in IL.. We further asaume thet I1's demand for im-
ported carpets is given by p'% = a — @, where @ denotes the quantity
demanded and p% is the domestic tarifl-inclusive price.

Arsume that initially {pericd 0), IL scts a uniform tarilf of &t per

carpet irrespective of where the carpets are imported from. Then, in
period 1 assume (lhal IL signs a free-irade agreement {FTA) with EC.
FPeriod §: IL levies a vniform tariff on ocarpetls '
We denols by pee the price of a earpet changed hy EC's producer, and
by prg the price charged by FE's produccrs. Hence, with o unilorm
tariff of ¢, the price paid by IL's consumers [or carpets imported from
EC is pIf, = pgc + ¢, and the price paid for carpels imported from FE
is pi = ppe + ¢ We make the following assumption:

AssumeTioN 6.1 The expord price of carpets in B ecceely the expord
price in FE. Formally, pec > pre-

Figure 6.4 illustrates IL’s demand lor imported carpets and the prices
{with and withont the Lariffl) on carpets imported from EC and FE.
Figurc 6.4 shows that IL will import from the cheapest supplicr, which is

o e
Figure 6.4: IL's import level under a uniform toriif

FE, so that the impoert, level would be Q. In this case, the government’s
revenue from imporl-larifl collection would be G° = QY. The IL's
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consimer surplus {see subsection 3.2.3 [or a definition) is given by C5° =
(@ — pi¥e)Q0/2. Also, note thal P=a—plg=a—pre—L

We define IL's social wellare as the sum of consurmer sUrplus phas
IL’s govermment revenue from tariffl collection. Nole thai in modeling
international Lrade it is very important not to forpet the existence of
government’s revenue and o assume Lhat the government relurns the
tariff Tevenue to CONSLMETs i & Jnmp-suin fashion or by other services.
Hence,

Wi =0C8"+ 6" = (a—piy+2)Q°/2 = (a - pre 4+ 062
implying that

_ o _ 2 _ 2
fa—prE +t:|2[ﬂ pre — ) _ (e PF;T) t ) {6.29)

Note that Lhe last step in (6.20) uses the mathematical identity Lhat
(e + f){e - ) = o® — §°. Equalion (6.20) shows that the wellare of
country IL decreases with the tariff rale £ and with FE's price of carpets.

o __
Wes =

Period 1: I signs e free-trade agroement with the EC

Now suppose that IL signs a FTA with EC, 5o that the tarll on carpeks
imported from EG is now set to 2610, whereas the tariff on imports from
FE remains the same at the level of ¢ per ymit. Figure 6.5 ilhastrates
that IL switches from importing {rom FE Lo importing from cnly EC for
o price of pifn = ppc. Given that Lhe price of cerpels drops in I, the

Figure 6.5: IL"s import under the FTA

quantity of imporied carpets increases to @' = o — pee > 7. Nolice
l that aithough IL's consumer price of carpets has decreased, 1L now buys
carpets [rom Lhe more cxpensive source.
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Under the FTA, since &l the imporls are frem EC, the government
collecis zero revenue, that is ! = 0. Henee, IL's social wellare equals
IL's consumer surplus. Thel is, W? = 5. The consumers’ surplus is
illustraled in Figure 6.5 and is ealculated to be

Wi, = CS' = (a — pec)@' /2 = (o —pec)*/2 (6.30)

Welfare analysis of the free-lmde agresnitent
We now analyze whetlher TL gams from the FTA with EC. Compar-
ing {6.20) and (6.30), we see that the FTA improves IL's wellare il
Wl = WY That is,

(a - pec) > (a—pre)’ - t°

or,

t> (g —pre)® — (8 — pEC). {6.31)
Therefore,

Proposition 6.5 A free-tmde agreement between IL and EC is more
tikely to be welfare improving for IL when (¢} the initial uniform tariff
i5 high, and (b) when the difference in prices between the two foreign
ezporters i3 smatl; that is, when ppey i close to pre.

We conclude this analysis with a graphic illustration of the gaims
and lees From the FTA. Figure 6.6 illustrates the wellare implicalion of
IL's signing the FTA with EC. In Figure 6.6, the arca denoted by $

Figure 6.G: The weliare cffects of the free-trede agreement

measures IL's consumer surplus prior to signing the FTA. The sum of
the areas 4+ § measures IL's government tarill revenue prior to signing
the sgrecment. Hence, IL's wellare prior to signing the agresment is
Wl =p+A+6.
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In Figure 6.4, the sum of the areas ¢+ 9+ measures IL's consumer
surplus afler the FTA is signed. Since there are no tarifl revennes afler
the FTA (all cerpets are imported from the EC), the welfare of IL afler
the FTA s Wi=d+8+4.

Altogether, the wellare change resulting from signing the FTA is
given hy AW =W - W' = 6.

DEerFITION 6.5 The chenge i consumer surplus due to the increuse in
the consumpltion of the imporfed good (aren v in Figure £.6} is called the
trade-creatlon effect of the FTA. The change in the tmporting coun-
try’s expenditure due to the switch o tnporting from the more expensive
country {area § in Figure 6.6) i3 called the trade-diversion effect of
fhe FTA.

Thus, the importing country gains rom Lhe FTA if the (positive) lrade-
creation effect associaied with the increase in the import level domineles
the (negative) trade-diversion effect wesocisled Lo swilching Lo importing
from Lhe more expenslve soUrce.

6.7 Appendix: Cournot Market Structure with
Heterogeneons Firms

In this appendix we extend the analyss conducted In Subsection G.1.2,
and solve for the Counot-markel-siruclure eguilibrinm when there is a
large number of Arms with diflercnt cost Fanctions, Following Bergatrom
and Varian (1985}, we introduce a method for calculating a Cournot-
Neash eouilibrium oakbpat level without resorting to solving V Arst-onder
conditions [or the cquilibriom N ontpnt levels,

In a Cournol, market sirocture wilh N firms, cach with & unit cost
ofe, >0,i=1,..., N, cach firm { choosex its ontput g; thal solves

oo (g, go) = e — by — B (Z ﬂ’}:)] i — Cith

iFr

yielding, assuming ¢f > 0 Jor all 4, a Amst-order condilion

a—2gl —b |3 g5 | =, E=L..., N
FES
Now, instead of solving N equalions (N hral-order condilions) for &

outpul levels, we solve for the egeregate praduction level by remTiling
the firsl-order conditions in the form of:

e—byf — b)) =0, i=1,...,N.
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Summing owver all g, i=1,..., N ylelds

M
Na—bQ° —bNQ =) o

i=1

Hence, the Cournot equilibrium sggregaile induosiry oontpul and market
price are given by

Na Eriiiﬁ o Etlﬂ{

= — g
o W M emat T

Q° (6.32)

Henee,

Proposition 6.6 In an indiatry where firme have constanf unit cosls,
if in ¢ Cournol equilthrium all firms produce strictly posélive oulpul fev-
els, then the Cournel aggegate ndustry equilibrium outpul and price
levels depend only on the sum of the firms® unil sosls and nol an the
dig{ribution of unil costy among the firms.

The resull, staled in Propasition 6.6 ia importanl, sinee il implies that
under constant unit costs, industry output, price, and hence, Lotal wel-
fare can be calonlated by vsing the sum of firms” wnil costs, withomt
invesligating the precize cosl distribution among Grms. Moreover, the
proof of Proposition 6.6 does not rely on linear demand and thercfore
alap applisaa to nonlivear demend Munclione.

We conclude this appendix by illustrating a simple applicalion of
Propaosition 6.6. Conslder an industry consisting of two bype of firms:
highcast and low-cost firme. Suppase Lhal there are [ > 1 high-cosl
frms with & unit production cost given by ey, and L > 1 low-cost
firms with a unit praduetion cosl given by cp, where cgr > ep > O
Substituting into {G.32) yiclds

o = {H+La _ Heg + Lex, c_ i  Hemg 4 Lep
(H+L+1)6 (H+L+1)5 H+L+1 H+L+1°
(6.33)

Hence, the Cowrnot eutpnt and price equilibrivm levels depend anly
on Heg + Lep. The edvantame of learning ihis method for calenlating
Conrnot cquilibrium outcomes becomes clear in the case where there
is mn entry (or exit] of some Arms. For exammnple, suppose we ohserve
that three additional low-cosl Grms have joined the industry. Then, the
new Conmet cquilibrium Induskry cutput and price can be immediately
celeulated by replecing Heg + Lep, willh Heg + (L + 3)ey, in (6.323).
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6.8

1.

a.

Markets for Homogeneous Products

Exercises
"

Twu Brws produce a homogeneuus product. Let p denobe the praduct’s
price. The output level of Grm 1 is denoted by g0, and the oulput
level of Arm 2 by g3- 'The ageregate industry oulpul is denoted by
€} = ¢y + gz. The ageregate industry demand curve [or Lhis product is
given Ly p = — {h

Assumne that the unil cost of Grm 1 s o and ihe onoit epst of Brm 2 35
cg, where m = ¢z = ¢y > 0. Perform the Iollowing:

{a} Solve for a compelitive equilibrium (see Definilion 4.2 on page 63).
Make sure that you solve for the cutpul level of each firm and the
rarked price.

{b] Solve for a Comrnot equifibrinm {sce Definition 6.1 on page 29).
Make suré thal you =olve [or the oulpud level of each Arm and the
market price.

fc) Sclve [or a vequential-moves equilibrium (ser Section 8.2 on page
1{14) assurning Lhat Arm 1 sels ils oulput level Defore fimm 2 does,

(Y Salve for a sequentialamoves cquilibrium, assuming thal Giom 2 sels
it5 rnbpul lovel before Brm | docs. Is there any difference in markel
shares and the price level between the present case and Uhe case
where Brm | moves lirst? Explain!

fe] Solve for a Dertraml cquilibrium (see Definition 6.2 on page 108).
Madee sure that you sulve for the oulput level of eseds iirm and the
market price.

T an industry there are & firny prodociog a homogeneous producl. Lel
g denote the ontpul level of Brm i, ¢ = 1,%,..., N, and [et @ denole
the aggregate industry produclion level, Thal is, & = E:il @i. Assume
Lhat ihe demand curve acing Lhe industry is p = 100 — €. Snnpose Lhat
tlwe cost Munction of each Aom 7 39 given by

Pa g% ifq =0
TG":“i]E{D ) i =10,

Solve the [ollewing problems:

{a) Suppase thal the oumber of Frms in the industry ¥ ix sufficiently
small s Lhat all the N frms make alxna-normal profils. Caloulate
the output and pruft levels of each frm in a Gonrnol equilibrium,

{b) Now, assume that firms arc allowed to enter to or exil (rom the
industry. Find the equilibrium nsumber of frms in the industry as
a [unclion of F. Hint: Bquate a fiem's profc level that you (ounl
earlier Lo zero and solve for N,

Consider & three-perind version of the sequential-moves cquilibrivm an-
alyzed in section 6.2, Awsume Lhal the markel inverse demand curve js
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given by p = 120 — &), and suppose that Ulere are Lhree lions that sel
their outpul levels sequentially: Brm | sets g in peded 1, form 2 sels 43
in period 2, and Arm 3 sels g3 in period 2. Then, firms sell their outpuk
and eollect their profits. Solve [or the sequential-meoves equilibrinm {as-
suming that producticn is costless]. Make sure thal you solve [or Lhe
antpul level of each firm, and e market priee.

. Two Arms compete in prices in a market [or a homogenacus product. Tn

Lhis market there are & > [ consnters; each buys one unit if the price
of the product does not exceed 10, and nolling atherwize. Consumers
buy from the frm selling at a lower price. Tn case hoth firms charge the
same prive, asswme Lhal N/2 consumers buy from each Arm. Assume
zero production el {for both Brms,

fa) Find the Bertrand equilibrinum prices [or a siogle-shol game, as-
suming that the Ainns choose Lheir prices simultaneously.

{b} Now suppose that the pame is repeated infinitely. Let p denate
the Lime-discannl parameter. Propose trigger price stralegies for
both firms yielding the callosive prices of (10, 10) each perind.
Calenlate the minimal value of o that would enloree the trigger
price slrategics you proposed.

fc) Now suppose that the unit production cmst of Frm 2 is $4, but the
unit cost of firm 1 remmained zero. Find the Bertrand equilibrivin
prices [or the single-shol game.

{d) Assuming the new cosl structure, propose trigeer price slrategies
For both firms yielding the collusive prices of {10, 10) each period,
and caleulate the minimal value of p that would enforce the Lagrer
price strategies you propso.

{e] Concliude whether it i3 easier [or Arms Lo enfloree Lhe collusive
prices when there is symmetric industry cost structure, nr when
the firms have Jiferent cost struckures, Explain!

5. Consider the Fee-tratde aprecment model analyzed in subsection § 6.2

Suppase Lhat the world consists of Lheee countries dencted by A, I, and
., Counlry A imports shoes from countries B and & and does not have
local production of shoes. Lek the export shoe prices of conntries B
and {7 be given by pa = 560 and pe = 340, Also, suppose that nitially,
country A levies a untlorm import tariff of ¢ = $10 per each pair of
imported shaes. Answer the following questions:

{a] Suppose thal country A signs a FTA with country B. Doss coun-
Lry A gain or Iose Fom this agrecment? Explain!

(b} Suppase now Lhat initially, the export price of shoes in country ©
iz p~ = $50.01. Under thi= condition, will country A gain or loze
from the FTAY Explain!

. In a market [or luxury carg Llere are two frms competing in prices.

Each frm can choose to set a high price given by py, or a low price
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given by pi, where py > pr = 0. The profit levels of the two Arms
as a function of the prices chosen by Lotk firms is given in Table 6.2
The rules of this (wo-stege market game are as [ollows: In the frst

Firm 2
o PL
. aola 120
F q P [ 100 10
S . [ o7 7

Table £.2: Meet the competition clause

stage firm L sets its price p1 € {pwr,pr)- In the second stage frm 1
carmal roverse ils decision, whereas frm 2 observes iy and theo chooses
pz € [pu,pr). Then, the game ends and each firm eollects its profit
according to Table 6.2

{a) Formulate the game in extensive form (Defition 2.7 on page 24.}
by drawing the game tree, and salve for the subgame perfect eoui-
librium {Definition 2.10 oo page 27) [or this game.

{b) Suppose now that fion 1 offers its consumers to match its price
with the lowest price in the market (the so-called mest the com-
pelition clause). Solve for the subgame perfect equilibrinm far Lhe
modified game. Hinl: Madify the game to three stages, allowing
Erm 1 by make a move In Lhe third stage only in the case where il
chase pzr in the first slage and frm 2 chase pg in the second stage.

7. This problem is directed to highly advanced students ouly: Suppose
vhere are M = 2 Frms that set their oulput sequentially, as described 1o
section 6.2. Suppose that all firms have identical unil costs given by e,
and suppose Lhat the marke! inverse demand curve E?a::ing thi= industcy
is given hy p =a — @, wherce > c > 0and Q=3 &-

(a} Solve for the sequential-moves equilibrium by showing that th_e
oulput Ievel of the fom that moves in period i, 1 = 1,...,.Mis

given by
. a—f
%= Tar

{(b) Show Lhat Lhe aggregate equilibrium-output level is given by

Q'Eiq.: [I—ELN] fa— &)

1=1

{c) Conclude what happens to the aggregate industry-output level
when the nuaber of frms (and periods) inereases wilth no bounds,
{i.c., whem /¥ —= o).
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Chapter 7

Markets for
Differentiated Products

You can have it any color you wanl as long as it's blaclk.
—AiLributed to Henry Ford

I this chapter we analyze oligopolics producing differentiated produoela.
Where in chapler 6 consumers could not recognize or did nol bolher
to learn the producers’ names or logos of homogeneous products, here,
consumers are able to dislinguizh among the different producers and to
treat the products {brands) as closs but imperfect substitules.

Several important observations make the enalysis of dilerentiated
products highly important.

1. Mast industries produce a largs number of similar but ool identical
products.

2. Only a small subsct of all paasible varictics of differentiated prod-
ucls are actunlly produced. For example, most products are not
availoble in all colors.

3. Most industries proeducing differentiated producls are concentrated,
in the sende Lhal it i5 typical to heve two bo five firms in an indus-

toy.

4. Coosumers purchase a small subsel of the pvailable produel vari-
aties.

This chapter introduces the reader Lo several approaches to modeling
industries producing differenliated products to explain one or more of
thesc abservations.
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Product differentiation models are divided into two groupa: non-
address models, and eddress (location} models. Figure 7.1 illustrates
the logical connections among the varous approaches. The non-uiddresa

| DIFFCARAENTIATED FRODUCTS MODELS I

N

1 ADDRAESS (LOCATION] A!‘P‘H-Dm}ﬂ

I NON-ADRDAERES APFROACH

[Secellon 73]

[Bubsecalne ¥ 3.02) (Se<alon 7,33

STATIC
[Rubmac 7.3 1}

[ENDOUENOUS VARIETY |

[Sectlon T.3) | YEQUENTIAL ENTIY
{Hmlon T1)
(Butmse. 7.2.0)
STATIC IEUENTIAL
[covwor] — [ememano]
{Euhme. T 1.3) [Subase. T.117 {oubeea, 7,141

Figure 7.1: Approaches to modcling differenlisted-products industrics

approach, displayed on the left main branch of Figure 7.1, is divided
into two calegories: a Axed number of differentiated Lbrands models, and
endogencnsly determined veriety models. The Gxed number of brands
epproach is analyzed I section 7.1 {Simple Modcls for Diferentiated

7.1 Two Differentiated Products 135

Products), where we analyze and compare quantity and price competi-
Lion betwesn the bwo differentiated-brands producers. Basic definitions
for the degrees ol product, diflerentiation are provided and ntilixed in Lhe
lwo types of merket structures. Section 7.2 (Monopolistic Competition)
analyzes & general equilibrivim environment where [ree entry is allowed,
so the mumber of brands in an industry 1= determined in the model 18-
gelf. 'We assnme thal the economy is represenied by a single consumer
whose preferences exhihit love for varicty of differentiated brands, and
Lhal frma' technologies exhibit returns to scale topether with fxed cost
ol production. Assuming free entry of firms enables us lo eompule the
equilibium varjety of diferentiated brand=. The monopolistic competi-
tion approach proves to be extremely useful in analyzing internallonal
markets, which 1= discussed in suhsection 7.2.2.

The address (location} approach, displayed on the right main branch
of Figure 7.1, is anelyzed in section 7.3 (Location Meodels). This np-
proach provides an alterpative method for modeling product differenti-
ution by Introducing, location, or addresses, into consnmers' prelerences
that measure how close the brands actually produced are Lo Lhe con-
surnery’ ideal brands. This approach is wseful to model heterogencous
consumers who have different tastes for Lhe different brands.

Togelher, sections 7.2 and 7.3 discuss the two major approaches to
product differentiation: the non-address approach and the address op-
proach, respectively (see s distussion in Eaton wnd Lipssy 1989). The
major diffcrence between the approaches is that in the non-address ap-
proech gll consumers gain utility fom consuming a variety of products
and therefore buy a variety of hrands {such as a variety of music records,
of mavies, of software, of food, etc.}. In contrast, the address (location)
approach, each conswmer buys ouly one brand (such as one computer,
one car, or ong heuse), but consumers have diffcrent preferences for
Lheir maat preferrad brand. A Lhird approach to product differentintion,
not discussed in this chapter, s found in Lancoster 1971, Lancaster's
*cliarneteristics” approach sssumes that each product consists of mony
charecteristica {such as color, durability, selety, stranglh); in choosing a
specific brand, the comsumer locks for the brand that would yicld the
maoat guitable combinationa of the product’s characleristics. Finally, a
reader intercsted in applications of product differentiation to the ready-
Lo-zat cerenls industry is referred to Scherer 1979 und Schmalenses 1973,

7.1 Simple Models for Two Differentiated Products

Conslder e two-firm induelry preducing iwo differentinled products in-
dexed hy i = 1, 2. To simplify the exposition, we assume that production
is costless. Following DDat {1979) and Singh and Vives {1984}, we as-
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sume the following {inverse) demand structure [or the two products:

m=a—PFy—yq wd py=o—7yq—fam, whee §>0,F L‘E ’rﬂ}-

7.1
Thus, we assume that that there is a fixed mumber of two brands and
that each is produced by a different frm feing an inverse demand curve
given in {7.1). The assumption of 3% > +* is very imporiant since it
implics that the effect of increasing g, on g is larger thdn the cffect of
the same increase in gz. Thal is, the price of & brand 1s more sensitive to
a change in the quantily of this brand than to a change in the quantity
of the compeling brand. A common terminology used to describe this
assumplion is to say that the own-price gffect dominates the rress-price
effeel.

The demand structure exhibited in (7.1) is (ormulated as a system
of inverse demand finctions where priges are {unctions of quantily puor-
chased. In order to find the direct demand fnctions, (quantity de-
manded as functions of brancds' prices) we need Lo invert the system
given in (7.1). The appendix {section 7.4) showa ihat

g =e—bp +epx and gu=a+ep — bp2, where (7.2}
o —] _ i _ i
G="gr_ LT E"_‘I{;z_,rz}ﬂ‘ ’3=I{;2_,r2'

How to measure the degree of brand differenfiofion

We would now like to define a measure [or the degree of producl difler-
cnbiation.

DermrTioN 7.1 The brands" measure of differentiation, denaled by
&, i

&

B

1. The brunds are said {0 be highly Jifferentinted if consumears find
the products 1o be very different, so o change in the price of brand §
wit! have o small or negligible offect pn the demand for bmnd 1.
Formally, brands ure highly differeniinted if § 45 close to 8. That
iz, when ~* = 0, thence ¢ — Q).

2. The bmands are sofd 1o be almest homogeneous if the eross-price
effect s close or equal lo the own-price effecl. In this case, prices
of il brands will have strong effects on the demand for each brand,
more precisely, if an increese ia the price brand § will incrense the
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demand for brund @ by the some megritude es o decrease e the
price of brand i, thal {3, when § 45 close to 1, or equivalently when
4% = 52, fhencec — b).

Figure 7-2 illusirates the relationships between the the demand pa-
rameters 3 and 7 as described in Definliion 7.1, In Figure 7.2 a hori-

=1 =1
J.:.g — r{-]z 13 Tg = 'ﬂz
homrogenesus homogeneauy
10 §d—1
d—0 04§ -
differ- differ.
2 = ﬂ2 k] = =
(Tuled out) {ruled cut)
- ¥

Figure 7.2: Measuring the degree of product differenliation

zontal movement toward the diaronals implies thet the producls are be-
coming more homogeneous, (vF — #2). In contrast, a movement toward
Lhe cenler is associabed with the products becoming more differentialed,

(r—0).

T.1.1 Quantity game with diferentiated products

We now solve [or the prices and quantity produced under the Cournol
market structure, where firms choose quanlily produced as aclions. Jusl
as we did in solving & Cournot equilibrium for the homogeneons products
casa, we look for a Mash equilibrium in firme® oulpat levels, as defined
in Definition 6.1 on page 99,

Amsuming zero produclion cosl, using the inverse demand Fanctions
given in (7.1}, we note that cach irm i takes g; as given and chooses g;
to

ﬂ:;?-tﬂ1{qll '?2} = (ﬂ - ﬂ{“ - TE‘]-'}QI- ilj = 11 21 £ ?é j‘ {?'3)

The Arst-order conditions are given by 0 = % = w— 204, — iy, yielding
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best Tesponse [mctions given by

= R{g) = "gg 2 hi=L2i#] (7.4)

Figure 7.3 illustrates the hest-response functions in the (g1 — g2) space.
Notice thet these function: are similar to the ones obtmined for Lhe
Cournol game with homogencous products illustrated in Figure 6.1
Nolice that as v * A (the products arc more homogeneous), the best-

1

-

Fr)

=

T

|
a3

red

Hla

Figure 7.3: Best-response functions for quantily competition in differ-
enlialed products

response Fanclion becomns steeper, therchy making the profit-maximizing
ontpui level of firm ¢ more sensitive to chenges in the culpul level of
firm j {due to stiffer competition). In contrast, es ¢ ™, 0, the best-
response Function becomes constont (zere sloped), since the producls
Lecome completely diffarentiated.

Solving the Dbest-response funclions (7-4), using symmetry, we heve
thet

e_ oo @B 7.5)
9 = 2ﬂ+"}'1 i Eﬁ'l"‘.r" i (2ﬁ+1}2 ] (
Clearly, as - incresses {the products ere less differentinted), the indi-

vidual und agpregate quantity produced, the prices, and the profils all
dechine. Hence,

Proposition 7.1 In a Cournot game wilh differentiated products, the
profits of firns increase when the producty become more differentiated.
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The importance of Propodtion 7.1 is thal it can cxplain why Brms tend
to spend large suma of money to edvertise their brands: because irms
would like the consumers to believe that the braods are highly differ-
cntieted from the competing hrands for the purpase of Increasing their
profits. In other words, differentiation increases the monopoly power of
brand-producing firms.

7.1.2 Price game with differentiated products

We now solve [or the prices and quantity produced under the Bertrand
market structurs, where hrms ehoose prices ms their actions. Just as
we did in selving [or a Bertrand equilibrium for the homogensous prod-
uets ense, we look for & Nash equilibrivm in firms' prices, as defined io
Diclinition 6.2 on page 108 for the homogeneous product case.

Using the direct demand functions given in (7.2}, asch Arm i takes
Py a3 given and chooses p; Lo

DJP-?JC?F{[FI:PE} = {ﬂ‘_ bpl' + @j}P‘r Li=12% 1% '_)E j {?G)

The first-order condilions are given by 0= ‘g;’fil = g — 2bp; +op;, yielding
best-response fonctiens given by

p=Rilp) =20 i =12 i#5 (7.7)

The best-responsa [unctions are drawno 1n Figure 7.4. You have probably

L

e
=N

Figure 7.4: Best-response Dunctions for price compelilion in diflerenti-
aled produects
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noticed that there is something different in Figure 7.4 compared with
what i5 in Figure 7.3: In price games, the besl-response [unclions are
upward sloping, meaning that if ane firm rajscs ils price, the olher would
respond by raising its price as well. Well, tlis “discovery” deserves a
definition (Bulow, Geanakoplos, and Klemperer 1985):

DeFINITION 7.2

1. Players' strategics are said Lo be stralegic substitutes if the best-
resporse funclions are dotnward sloping.

2. Players' strategies are said o be strategic complements if the
best-response functions are upwerd sloping.

Mote that this terminology may be misleading, since there is no rela-
tionship between this definition and whether gonds are substitutes or
complements in consumption. Definilion 7.2 implies that in o quantity
game the guantities are strategic substitutes, whercas in a price game
prices are strategic complements,

Solving (7.7) yields for £ = 1,2,

y_ a__alf=m 4 e ,__ab o?A(A — 1)

=g c” 2y ' "B T @BooF @A-PBrD
[7.8)

The profit levels decline when the products become less differentiated
(+ increases). In Lhe limit, when ¥ = d, the producls become homoge-
neous, and the profits drop Lo zero as in the Berirand equilibrinm for
homogeneous products analyzed in section 6.2, Hence,

Proposition 7.2 fn a Bevirand game with differentioted products, the
prefits of firms increase when e products become more differentinied.

As with the Cournot case, product differentiation increases the monopoly
power of brand-producing firms by loosening up price eompetition among
the brand-producing firrms.

7.1.3 Cournot versus Berlrand in differentiated products

Which markei siructure, a Cournct or a Bertrand, wounld yield a Ligher
market price? How would changing the degree of product differcnli-
ation afect the relative difference beiween the iwo markel-structnre
outcomes? As you may expect, the price under Bertrand is indeed
lower than it is under the Cournot market structure. Fonmnally, com-
paring (7-3) with (7.8) yiclds

o) G afl

Pi—Fi 28+ 2b-c 2847 28—

41;!;—1'

7.9)

T
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Thus

T

Proposition 7.9 M o differentiated products industry:

1. The markel price under Cournol is higher than it is under Bertrand.

Farmally pf > pl.

2. The more differcntinted the products are, the smaller the differenc
between the Cowrnel and Berrand prices. Formally, ﬂEE,;—pﬂ =0

2. This difference in prices is zero when the products become inde-
pendent. Formally, lim.g[pf — 2] =0.

The intuilion behind Proposition 7.3, given in Vives 1985, i3 as (ollows:
Under Cournol markel siructure each Arm expectls the other firm to
hald itz output level constanl. Hence, eacl firmm would maintain a low
cubput level since it 15 aware thal a unilateral output expansion wauld
resulk in 2 drop in the market price. In eonlrast, under the Bertrand
markel structore each frm assumes that the rival lrm holds its price
comstant, hence oulput expansion will nol resull in = price reduction.
Therefore, more output 1s produced under Lhe Bertrand market struclure
than under the Cournot market struocture. Cheng 1985 provides seme
additional graphieal inluition for the differences belween the markel,
auteamnes chtained under the two market structures.

7.J.4 Sequentiel-moves price game

Consider a two-period, price-setling sequential game thal is similar to
the sequential-meoves quantity game described in section 6.2; but here,
we lob firms el prices rather than quantity produced. In order to have
some fun, let us take a specific numerical example [or the demand sysLem
given in (7.2):
a=188—Ip 4+ and g =168+p — 2pa. {7.10}
For this particolar example, (7.3) implies that the single-period game
Bertrand prices and profit levels are p! = 56 and # = 6272.
Following the same logical sieps as thoase in section 6.2, we look [or
a 5PE n prices where firm 1 sets ks price belore Arm 2. Thus, in the
first period, frm I takes irm 2% best-response function (7.7) as given,
and rhoases py that solves

165 4-
MR A (01, Ra(p1 )} = (153 —2m + _m) ™-

: (7.11)

ERTE .

D
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The Arst-order condition iz 0 = g%} = 210 — Ip,. Therefore, pj = 60,
hence, p = 57. Substituting into {7.10) yislds that gf = 105 and gz =
114. Henee, nf = 60 x 105 = 6300 > w2, and w8 = 57 » 114 = 6498 > L.
Why do we hother to go over this exercizse under a price game? Well,
the [allowing proposition yields s rather surprising result concerning the
relationship between fitms™ prefit levels ond the order of moves.

Proposition 7.4 Under ¢ sequentiaf-moves price game (or more gen-
emally, under any gamne where aclions are sirategicelly complertenia )

1. Both firms eollect o higher profit wnder o sequentinl-moves game
than under the stngle-pericd Berfrund game. Formally, =) > n?
Jori=1,2.

2. The firm thal sels its price fivst {the lender) makes o fower profit
than the firm {Rat scis iks price second (the follower).

3. Compared to the Berlrand profit levels, the fnerease in profit to Lhe
Frst mover (the leader) is smaller than the tncrease in profil to the

serond mover {the follower). Formally, 77 — a8 < =d —ab.

It this amezing? What we have learned from this example is that being
the Arst to move is not alway= an adwantage. Here, earh frm wounld
went the other Grm to make the Brst move. The intuition behind this
result iz as follows. When fitm 1 sets its price in pedod 1, it calzulates
that Arrn 2 will slightly undercul p) in order to obtain a larpsr market
share than frm 1. This colculation puts pressure on firm 1 (o maintoin
a high price to avpid having Arm 2 ket a very low market price. Heoce,
bolh firms sel prices above Lhe slatic Bertrand price levels. Now, firm 1
always makes o lower profit than firm 2, since Arm 2 slightly nndercuts
frm 1 and eaplures & larper markel shere.

Finally, note that we conld have predicted that the profit of Arm 1 9]l
incresse beyond the stutic Bertrand profil level even wilhout resorting
to the presise caleculations. Using a reveled profilability argument, we
cun see clearly that firm 1 can slways set py = pf and meke the same
profit as under the slatic Bertrand gome. Howewer, given that firm 1
chooses a different price, its proft can only increase.

Finally, pari 1 of Propesilion 7.4 reveals the major diflerence betwaen
the price scquential-moves game ond the quantity sequentinl-moves game
annlyzed in section 6.2 Ilere, the profit of firm 2 {Lhe follower's) is Ligher
under Lhe sequential-moves price game thano its profit under the stalic
Berirand game. In contrast, nnder the sequential-moves quantity game
Lhe followers® profit s lower then 1t i under the stalic Cournol game.
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7.2 Monopolistic Competition in Differentiated
Products

In this seclion, we analyze a monopolistic-compelition covironment
(Chamberlin 1933). Our major goal is to calculate ile aquilibrium num-
ber of differentiated brands produced by Lhe industry.

The main features ol this environment are that: (1) consumers are
Lomogencous (lLave identical prelerences) or can be represented by a
single consumer who loves to consume a varety of brands. ‘Thus, this
madel belier deseribhes markets in which conswners ke to consume o
large variety of bramds—such as a variely of music records, of video, of
clothes, amd of movies—rather than markels for cars wlere most indi-
viduals consume, at most, one unit; {2) there is #n nnlimited nunber of
potentially produced brands; and (3) free cotry of new brand-producing
firms.

It shouid be pointed oul thal this model is a general equilibrivm one.
Unlike the partial equilibrium models, the general equilibrinm model is
one whers consumers' demand 75 derived from o utility maximization
where the consumers' income s pgenerated [rom selling labor Lo firms
and [rom owning the Brms. Subseclion 7.2.1 analyzes a smgle-cconomy
monopolislic competilion, and snbscction 7.2.2 extends the model to two
DT COOMOmies,

7-2.1 The basic model

We analyze here a simplilied version of Dixil aud Stiglitz 1977. Consider
an industry producing differentiated brands indexed by i = 1,2,3,..., N,
where V is an endogenously determined nember of produced brands. We
denote by o = 0 the quantily prodocedfconswmed of brand {, and by p;
Lhe price of one unit of hrand <.

Consusery

In this econemy, there is a siugle (representalive) consamer whose pref-
erences cxhibil the love-lfor-variety property. Formally, ile utiligy fune-
tion of the representalive consumer is given by a ronstant-elasticity-of-
substitution (CES) utility [unetion:

N
Ul gz qn) = 3 e (1.12)
i—1
This type of utility function exhilits love [or varisty since the marginal
ulility of cach bramd at a zero cossumptiom lovel is infinite. That is,
limg, y % = lim, _p qui = +oa.
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Tn addilion, Figure 7.5 illustrates thet the indifference curves are con-
ves! Lo the origin, indicating that the consumers like to mix the bronds in
their consumption bundle. Also, note that the indifference corves touch

1

X

Fipure 7.5: CES indifference curves for N =2

the nxes, Lherelore making it possible [or the consumers lo gain nlilily
ever. when some brands are net produced (hence not consumed). We
use the word representative consumer for Lhiz utility fonction since, in
raalily, individus] consnmers do not purchase the entire variely of prod-
ucts. Sattinger {1934) proposed o method Ior aperegating individuals
who purchase a single brand into sppresate market demand lacing all
thie brand-producing firms.

Finally, the consumer’s income {denoted by ) is composed of the
total wages poid by the producing firms plus the sum of their profiis (if
any). We denote by m;(g.) the profit of Lhe Arm producing brand . We
also normalize 1he wape rate Lo equel 1, 30 all “monetary” waloes (g, T,
end ;) are all denominoted in unils of lobor. Hence, the consurmers
maximize their utility (7.12) subject o o budget constraint given by

N M
S <I=L+Y mig) (7.13)
1=1 1=1

We [ormo the Logrongion

I I
Llge,pe, A) = ) vai+ A lf - Zm&-] :

1=1 i=1
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The first-order condition for every brand i 15

oL _ 1
il 2\.-@

Therelore, Lhe direst demand, inverse demand, and the resulting price
elesticily {7:) lor each brand i, are given by

—hp;, [ori=12,...,N

(p:) = 1 P _
hip) = 4}‘2{;'[}2? .P'll:q1} - Ejl'!ul"rq_l api %

Finally, nole Lthat we assumed that A is & conslant, However, A is
not replly o constent but & funciion of all prices and N. This proce
dure would be right had we nssumed a conlinnwm of brands jndexed on
the interval [0,c0). In Lhis case, a rise in the price of a single brand
wopnld Dot have an ciect on consumers’ expendilure and hence on A
The continunm version of (7.12) shonld be written as u = [ 1/g{i)di.
However, in an allampt Lo avoid wsing inleprals in this book, we provide
the prescnt approach as a good approximetion for the contimous case.

Brand-producing firms

Each brand is produced by a single firm. All {potential) firms hove
identical technologics (identical cost structure) with increesing relurns
Lo scale (TR3) technalogies. Formally, the total cost of a firm producing
gi units of brand 1 is given by

Faeog Hg=0
Tﬂ'i{qz':l={ﬂ ' 1[3:=n. {7.15)

Defining a monopolistic-competition market structure

DEFINITION T.3 The triplet {N™ p"=, g™ i=1,..., ™} is called &
Charnberlinien monopolistic-competition equilibrium i

1. Firms: Each firm behaves as 6 smonopoly over its brand; thal s,
given the demand for brand i {7.1{), eack firm i cliooses ¢ to

mexy, wp = pilgiia — (F + ofi)-

2 Consumers: Each consumer takes his income end prices as given
and mezimizes (T.12) subject 1o (7.18), welding 6 system of de-
mand funeiions (7,14},
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Figure 7.6: Decreasing average-cost technology

3. Pree entry: Free entry of firms (brandy) wmll resuli in each firm
tnaking zerp profits; T (@R =0 foralli=1,2,.. ., N.

4. Resource constraint: Labor demanded for production equols the to-
tod tabor supply; Sn (F+eq) = L.

Definition 7.3 can be essily interpreted using Figure 7.6. The de-
mand facing each (existing) brand-producing firm depends on the total
nmumber of brands in the indusiry, &, When N increascs, the demand
[acing each brend-producing firm shifts downward, reflecting the Iact
that consumers partially substitute higher consnmplion levels of each
brend with 2 lower consumption spreadl over a large mumber of brands,
Therefore, free entry increases the number of brands unlil the demand
facing each firm becomes tangent bo the firm’s everage cost function. At
this poink, each existing brand-producing firm makes zero profit, and
entry stops. The equilibrium eondition in which demand becomes tan-
gent bo the avernpe cost of cach firm is known as Chamberlin's tangency
condition

Two imporlant observations follow from the tangency condition dis-
played in Figure 7.6, First, in equilibrium the price of each brand equals
average cost. Second, in equilibrivm all brand-producing frma produce
on the dowiwerd Eloping part of Lhe average cost curve. Thus, firms
do nol minimize average cosl under a monopolistic-competition marked
structure.
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Solving for a monepolistic-competition equitibrivm

A Rrm's profit-macdmization problem {ilem 1 of Definition 7.3} is the al-
ready Familinr monepoly’s problem analyzed in chapter 5. In Lhat chap-
Ler we showed that il 2 monopoly produces & siriclly positive amount of
oubput, then the monopoly’s price would satisfy

MA@ =p (143) =m (34 55 ) = 5 = o= o).

Henee, the equilibonm price of each brand is given hy pf™ = 2¢ (twice
the merginal cost).

The zero-profit condition (item 3 of Definition 7.3) implies that 0 =
m;(g"®) = (p7* — g™ — F' = g™ — F. Henee, gf'° = Ffe

We are left to find how many brands will be produced in this econ-
omy. The resource-constraint condition (item 4 of Definition 7.3) implics
that N[F + c(F/c)] = L. Hence, N = L{(2F). Altogether, we have it
that

Proposition 7.6

1. In o monepolistic compelition equilibrivm with atrictly positive fred
and marginal cost, ondy & findte rumber of bronds will be produced.
The equilibrium & giver by

L

F
e =1 g:“"=?; NTE = 5F"

£, When the fized coxt is lame, there will be o low variely of bropds,
but each brand uill be produced/consumed in a large quantity, When
the fived cosi is low, there udll be o large variety of brands, and each
will be produced /rorirumed i 6 small guandity

7.2.2 Monopolistic competition in international markets

In the late 19708 trade Lheorists began applyiog the theory of monop-
olistic competition to intermational Lrade {see Helpman and Krugman
1885). The major motivetion was that the neoclassical internalional
trade theory failed to oxplain the data showing thel most internalional
trade consists of trade with similar products (intraindustry trade) rather
of very different products (interindustry trade) as predicted by Lhe tradi-
Lional factor-proportion theory. That is, the applicalion of monopolistic
competition was needed in order to explain why countrics trade in similar
products. There are Lwo {mutually dependent) ways [or explaining gains
[rom trade under inercasing-retwrns production technologies: (&) trade

-
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inereases specialization, thersby enabling hrma 1o produce at a higher
scalé and therefore ut o lower average cost; ond (b} trade increases the
world variety of brands [acing cach consumer in each couniry.

Consider a two-counlry world economy, in which each country is
identical 10 the one analyzed above. Under autarky (no trade}, each
counlry is described by Propoesition 7.5. Our first question is what would
happen to the pailterns of production and consumption when Lhe bwo
eounlries start trading {move to & fee-trade regime)?

When the world is Integrated inlo a single large economy, the labor
resource and the number of consumers begsically doubles. In view of
the equilibrium described in Propasition 7.5, there #7ll be no change in
brand prices and the level of production of wach brand. However, the
number of brands under free Lrade will double end become Nf = L/F =
2 where f end a denate equilibrinom values under free trade and under
aulerky, respectively, Also, note that sines (he quantity produced of cach
brand remuins unchanged i:q-;-r = ¢? = F/¢), but the entire population
hes doubled, under free trade cach consumer (eonntry) consumes one-
hell of the world production (F/(2e)).

Cur second question is whether there are guins fom Lade, given
that we [ound that the consumption level of each brand has decrcased
to one-half the antarky level while the number of brands has doubiled. In
order ko answer that, we should calculale the equilibriom utility levels
under sutarky and under Fee trade. Thus,

L {F L
f = Nfd =2 = — 7.16
* = V5%~ Ja/er (7:16)
L L {F ¢ 5 .a
- z—_ﬁ ::N -.,.fql._u.

Hence, cach consumer In each counkry gaine [rom trede. The intoition
is quite simple. Comparing point a with point f in Figure 7.5 shows
that & consumer is always hetter off if the varety doubles, desplte the
decline In the consumption level of each hrand.

We conclude our anelysis of the gains from trade with two remears.
First, wo have shown that, nnder monopolistic competition, free Lrade
yiclds a higher wellare level than aularky. However, Gros (1937) has
shown Lhal countries may benefit from imposing some imporl tarilf on
loreign-produced hrands. Second, let w3 nole that we heve shown there
are gains from trade when there is only one industry producing differenti-
uled brands. Chou and Shy {1991} have shown Lhat Lhe gains from trade
in monopolistic competition extend Lo Lhe case where some industrics
produce nontraded biands; however, the remobs possibiliby that trade
mey reduce the welfare of all comntries {Pareto inferfor irede) remains,
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¥.3 “Location” Maodels

In this section we present models in which consumers are heterogeneous.
That is, due o different Lastes or location, each consumer Las a different
preference for the brands sold in the market.

There could be twn interpreiations of “lpcation” for the environmend
modeled in this section: Localion can mean the physical loeation of
& parlicular conswmer, in which case the consumer observes the prices
charged by all stores and then chooses ko purchase from the slore ot
which Lhe price plus the transportation cost is minimized. Or, location
can mean & distance between the brand charscleristic that o pariicular
consumer views as idesl and the chararteristics of the brand actually
purchased. Thet is, we can view a space (say, = line intervel) as measur-
ing the depree of sweetness in a candy bar. Consumers located toward
the left are those who prefer low-suger bars, whereas those who are lo-
crated toward the right prefer high-sugar bars. In Lhis case, the dislance
between & copsumer and & firm can measure the consumers' disubility
From buying & less-than-ideal brand. This disutility is equivalent to the
transportalion cast in the previous interpretation.

We analyze only horizontally differentiated products. Thal is, we
anelyze hrands thet are not uniformly utility ranked by all consamers.
More precisely, horizontally differentiated brande ere ones that, if sold
for identical prices, elisit from different consumers choices of different
brands {called ideal brands}. The analysis of vertically differentiated
brands, that is, brands that ere uniformly ranked hy all consumers, is
poatponed to section 12.2, where we discuss product differentiation with
respect to qualily {sce more on thesc issues in Beath and Katsoulacos
11991] and Anderson, Pelma, and Thisse [1992]; for & survey see Gah-
szewicz and Thisse [1992]),

7.3.1 The linear approach

Hotelling (1929) considers consumers who reside on a linear street with
a length af L > 0. Suppose that the consumers ure uniformly distobuled
on this interval, so at ench point lies a single consumer. Hence, the total
number of consuners in the econemy is L. Each consumer is indexed
by = € [0, L], so < is just a name of a consumer (located at poinl < from
the origin).

Price game with fized location

Suppase that there are two firms selling a product that s identical in oll
respecls except one characteristic, which is the location where it is sold.
Thal is, Fignre 7.7 shows that firm A 15 located e unils of distance rom
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poiul . TFirm B is located to the right of-irm A, & units of distance
frond point £. Assume that production s costless.

-—
l
I
0

B ==
- L
a3

=

Fizure 7.7: Holelliug’s linear cily with two frms

Each conzumer buys one unil of the product. To go to a store,

a consmner bas o pay transportation cost of 7 per unit of distance.
Thus, a conswmer Iocated ot some polnt = lhas o pay transporiation
cost of ]z — a) for shopping at frm 4, or 7|z — (L — b)) for shapping at
ftm B. The reader should nete that distance here can lusve a difTerenl
inlerpretation- We can think of a candy bar thal can be produced with
different degrees of sweetnesa. Thus, il we let £ measure the percentage
of sugar pul into a candy bar, firm B produces o swester candy than
Brm A- A consumer located ot z desires = degrae of sweslness more than
amy other degree of sweelness. However the firms offer mosk consumers
degraes of sweelness that differ from the most preferred ooe. Wilh Lhis
interpretation, the equivelent of transporielion cosls is [he monetary
equivalenl loss to & consumer who desires = degree of sweetness but
instead has to purchase a candy bar with a different degres of aweebness.
Lel ug deline the utility Function of a consumer located at point = Ly

7. = { —pa— 7l —&] ?I‘ he buys rom A (1.17)

—pg — 1|z — (£ — B} if she buys fom 5.

Let £ denocte the conswner who is indifferent to whether he or she pur-
chases [rom A or B. Formally, il ¢ << £ < L — b, then

—pA—T(:E—ﬂ]=—P‘B_T{L_b_£}-

Hence, -
_ L—b4a
. Dp—py T vVTH
=g T T

which is the demand [unction [aced by Arm A. “Uhe demand [unction
[accd by Grm H s

pa—ps  Ftb-a

L-2= 2r 2
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We now look for a Bertrand-Nash cquilibrium in price sitalegies.
That iz, Firm 4 takes pg as given and chooses py to

_ popa — (pa)? 4 (L—bralps

max Ty = 57 2 (7.18)
The [rst-order comdilion is wiven Ly
_Bmy  pe—2pa (L—b+a)
0= G =g (7.19)
Firm B takes pas as given and chooses pg to
- z L4+bh—
maxag = PEPA (s} 4 L+b—aps | (7.20)
Fo ar 2
The [rsl-order comdition is given by
0= idrg :p,-,—zm.- +L+E1-n.
dpg 27 2
Hence, the sguilibrium prives are given by
f— -
pfi_:T[E b+a) and pg=T(3L+b a,]l. (7.1)
3 3
The equilibrium markel share of Arm 4 is given by
JL— Db
g ote (7.22)

G

Nole that il e = b, then the martkel. is equally divided between the two
firms. The profit of frm A is given by

(3L — b+ a)?

o = gy = TEES DAL

{7.23)
which shows that the profit of each brand-producing firin inereases will
the transporbition cost parameter, w0 ‘This is not surprising in view of
the Lacl thal Tropositions 7.1 aod 7.2 ahowed firms reach lagher profit

lewely when the brands they prodoce are more differentiated. In facl,
Hotelling (1929, 50) states

These particnlar merchants wonld do well) instead of orga-
nizing improvement. elubs and boosler assoclalions Lo bebler
the roads, to make Lransportation as difficult as possible.
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We leave it Lo the reader to determine whether such a behavior s ol-
scrved or unobserved.

The above calcalations were perlormed under the assumption that
an equilibrium where Arins charge sirictly positive prices always exists.
The lcllowing proposition describes the equilibria and provides precise
conditions for existence. The proof of the proposition is given in the
appendix (section 7.5).

Propasition 7.6

1. If boih firms are localed at the same point fo+ b = L, meoning
that the products are hornogeneows), then pa = pp =0 is a unique
equilibriym.

£ A unigue equcitrium exists end 19 described by (7.21) and (7.28) if
and only if the two firms are not loo close io each ofher; formally
if and onfy if

— 2 Y
(L+ﬂ3b) 24..[,{0;2&} and (L+b3u) 241;{!:;—?4;}

the unique cquilibrium s given by (7.21), (7.22), and (7.25).

When the lwo frms are located too closely, they start undercutting sach
other’s prices, resulting in a process of price culs that doss not converge
Lo an equililirium. Propesition 7.6 shaws that in order [or an equilibriovm
Lo cxist, the Orms cannol be too closely located.

Localion end price game

S0 [ar, we have ssswmed thet the location of the Arms is fixed, say, by
the regulating {leense-isuing) authority. It would be nice to have n
theory under which frms ean choase price and location. Unfortunately,
we now show thal there iz no solution for this bam-dimensional strabemy
EHIDE.

To show thal, we ask what would Brm A do il given Lhe price and
loeation of its opponcot, it would be allowed Lo relocale. To snwwer
that, {7.23} Iplies that

ﬂn’A

Fa =

meaning that [or any lecalions @ and b, fitm A could increase its profit
by moving toward Arm 8 (obvicusly, lo gain a higher market sharc).
This case, where firms tend to move toward the cenler, is called in the
literalure the principle of mintmom differentiction since by moving lo-
ward Lhe center the frma produce leas-differentiated products. However,
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Proposition 7-5 shows that if frm A gets too close o irm B, an equi-
libritm will ool exist, Alse, if rm 4 locates ok the same point where
hrm & locates, its profit will drop Lo zero, implying that il is belter off
Lo move back to the laf. Henes

Proposition 7.7 In the Hotelling linear-cily game, there &5 1o equilth-
rium for the gerne where firnes use both prices and location as sirnfegics.

Guadratic transporiation cost

FProposition 7.21 shows that cven when the location = fxed, Lhe linear-
locaticn maodel does not have so equillhdum in a price game when the
firme are too elose to each other. We also showetd that there is no
equilibrium in & game when frms choose boll prices and location.
However, it i3 important Lo observe Lhal so far, we have ossumed
lincor transportotion costs. The existence problem can Lie solved if we
awmme guadratic transportetion easts, Thal is, let {7.17) be written as

—_ - — ¢ i
7. = { Fa—T(T— @) il he buys Fom 4 (7.24)

=1 —pa—7lz—(L—8)]* il she buys fom A.

To have even more fun, using Lhe quadratic-transportation-cost setup,
we can formulate a two-period game in which Brms decide whers (o lo-
cate in the first peried, und set prices in the second period. Since wo
Iock for a SPE (Definition 2.10), the readcr who is eager Lo solve this
game should follow Lbe following slepa:

Second period:

1. For given location parameters e und &, Gnd the Nash-Bertrand
equilibrium prices, following Lhe same steps we used in order
to derive (7.21).

2. Substitutz the equilibrium prices into the profit funections
{7.18) and (7.20) to obtain the rms’ profits as faoctions of
the location parameters 2 and b

First peried: Maximize the hrms' profil funetlons which you calcu-
laled [or the sseond period with respect to @ for firm A and with
respect to & for firm A. Prove that for 2 given 5, %’;} < 0, meaning
that irm A wonld choase g = 0. Siwilarly, show that firm B would
locale el poinl L.

This exercize shows that when there pre guedreiic lransporlation costs,
Arina will cheome maximum difereatiotion. This result is consisteat with
Propositions 7-1 and 7.2, showing that profits incrense wilh differentia-
Eiom.
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7.3,2 The circular approach

Proposition 7.7 shows thal en equilibrium in garmes in which firms jointly
decide on prices and location does not exist in the Hotelling model. One
way to solve this problem is Lo let the rity be Lhe unit-circumference
gircle, where the consumers are uniformly distributed on the eireumier-
enee.

As with the Hotelling model, this location model can also be given
an interpretation for describing differentialed products thal differs from
the physical-location interpretation. Consider for example airline, bus,
and train Arms which can provide a round-Lhe-clock service. If we treat
ile cirele as bwenty-four hours, each brand can be interpreted as the
time where an airline finn schedules a departore,

Firms

This model does nol explicitly model how nne choose whers to loente.
However, it masumes a monopolistic-competition market struelure, in
which the number of firms iV is endogenously determined. All (infinitely
meny) potential firms have the same Lechnology. Denoting by F the fixed
ermt, by ¢ the marginal cost, end by g; and w;{g:) the culput and profit
levels of the firm-producing brand #, we assume that

m{a) = { -] (7.25)

Consumers

Consumers ure uniformly distributed on the unit circle. We denote by
the consumers' tronsportation eost per unik of distance. Each consumer
buys onc unit of the brand that minimizes the sum of the price and
transportation cast.

Agsuming that the & frms arc located st an equol distance from
onc ancther yields that the distance Detween any two finms is 1/N.
Figure 7.8 illustrates the pesition of firm 1 relative io the pgsitions
of irm 2 and frm N. Then, assuming Lhal firms 2 and N churge a
uniform price p, the consumer who is indiflerent to whether he or she
buys firom firm 1 or firn 2 {similarly, irm N} 13 located at £ determined
by ; + 72 =p + 7(1/N — £). Hence,

._P—H

== + N (7.26)
Since frm 1 has customers on its lefl and on its right, the demand
lonetion [eeing frm 1 is

- 1
afpp) =22 =2"F 4 (7.27)
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consumers buying from Lrm 1

Figure 7-8: The position of firma on the unit circle

Defining and solving for the monopolistic-campetifion cquifibrinm
Let us begin with a definition:
DEFINITION 7.4 The triplet { N, 0", ¢"} fs an equilibrium if

§. Firmz: Fach firm behoves 03 a monapely on ifs brand; that is,
gven the demand for brand £ (7.27) and given thet all offier firms
eharmpe p; = p°, 7 7 1, each firm § chooses p° la

n;.':xﬂif}hspej = po:(pi) —(Fteg) = {F‘I_E} (Pﬂ ’: = * %) -

2. Free cntry: Free entry of firms (bronds) will resull in zero profits;
m(p®,p°) =0 for 2lli=1,2,...,N",

The Brat-order condition for frm €5 maximization problem is

_ a?T.l:Pi.Pn] _ P‘n — Epl +i + l
- aén T N

Therefors, in a symmetric equilibrinm, p; =p° = c+7/N.
To lind the equilibrium nomber of brands &, we sel

{

= fn". n] = oo - — -
{] ﬂ-l(p Yy :I {.p C:I N N‘E
Henes
fr T a 1
— — — = = — .2
aN® Fal ' =c+ N e+ VTF, o e {7.28)
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Welfare

We would like Lo investigate whether Lhe “ree market” produces a larger
or a smaller varety than the optimel vartely level. Before defining the
economy's welfare [unction, we calculate the ccononty s ngeregate Lrans-
portation costs, denoted by T Figure 7.8 shows thet in equilihrium,
all consumers purchasing [rom frm 1, say, are located between 0 and
1/{2A) wmits of dislance from the firm {on each side). Since there are
2N auel intervals, the seonomy’s Lotal transporiatiion cost is given by

W L2138 o
T(N) = 2N+ fu zdz | = 2Nr [ 4 ]u == (7.29)
An alternative woy to find the aggregate transportation cost without
using mlepration i3 Lo look el the cost of Lhe average consmmer who is
located hall way between = 1f(2N) and o Grm. That 15, the average
comiumer has to truvel 1/(48), which yields (7.29).

We define the ecomomy's loss [unclion, L{F, 7, N}, as the sum of
the fixed cost paid by the producing firms and the cconomy’s apgregate
transportalion cost. Formally, the “Social Planner” chooses the optimel
number of brands N~ to

i = = =
min L{F, 7, N} = NF + T(N) = NF + . (7.30)
The first-order condition is 0 = & = F — 7 /(4N7). Hence,
Nr=L T e (7.31)
2V F i )

Therelore, in a free-cntry location model, toe many hrands are produced.
Nolice, that there 15 a wellare tradeofl belween Lhe econories of seals
and Lhe agpregate transportalion cost. That is, a small nurber of brands
iz associated with lower average production costs bat higher ageregate
transportetion costs (because of fewer firms). A large namber of brands
means a lower scale of production (higher average cost) hut with a lower
agpregate transportation cost. Equation [7.01) shows Lhal i I8 possible
to raise Lhe economy's wellare by reducing lthe number of brands.

7.3.3 Sequential entry to the Yinear city

Sa far, wc have not discussed any model in which firms strategically
choose where to locate. In sanlwection 7.3.1 we have shown thel the basie
linear-airest model doed not have an equilibrium where firms choose both
prices and localion.

7.3 “Location™ Models L5T

In this subsection, we discuss an examwple sel forth by Prescott and
Visscher {1077) in which prices are fixed al a unilorm level set by the
regulalor. For exarnple, in many countrics, prices of milk, bread, and
liasic cheese products ave regulated by the povernment. Thus, the anly
choice varialde left to frms is where to locate {what characteristics -
degree of sweetness in our example  [he product shonld liave).

Congider the unit interval {streel) wlere there are Uiree Arms cnter-
ing sequentially. Tn this three-period model, firm 1 enters in period 1,
frm 2 in period 2, and firto 3 in period 3. We look fur a SPE (scc Defi-
nilion 2.10) in localion strategies, where cach firm maximizes ils inarket
sharc.

We denote by 0 < x, < 1 Lhe loealion strategy chosen by firm 4 (in
perind i), i = 1,2,3. Let c denote a “very small” number, representing
the smallest possible measnrable wnil of distance. Solving the entire
three-period game is ralher complicaled. Inslead, we shall assume tlat
[irm 1 has aleewdy meved and located itscll ac the poinl x; = 1/4.
Figure 7.9 illusirataes Lhe localion of frm 1.

w2 14 gormy my = 34
I | I
I 1T i
0 L 1

4

_ -1

4] T = —3 Fols == .

i L i
I t —— i
] I ] 1

4 El

L Tq my =1—mqy + T 5
— i l 1 I
I T i T 1
0 1 1 T2 I

4 4

Iy &y T
I i I ! !
I T i 1 |
0 L 4 1

4 1

IMigure 7.9: Sequentid-location game

The third-period subgame

Firm 3 decides on ils localion xz aller firm 1 amd firn 2 are alrondy
located. There are three possible locations of finn 2 corresponding Lo
the ithree upper parts of Figare 7.9
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za = 1 — ¢ : In this case firm 3 would locale at a3 =14¢ Hore, myar 3
« while w3 = @2 + (3 —22) < 5.

",— < Tn % : In this case firm 3 would locale to the rght nf frm 2, at

23 = 73 + & Here, m = 1 =z while 72 & =54 < 1. That is,
frm 2 shares Lhe [z;,Z2] interval with Grm 1.

2 3 : In this case firm 3 would locate between firm 1 and firm 2, at

any point &, < T3 < 73- With no loss of generality, nssume that
1 1

x;;=-1'--E Here, mq = 2% and

Tg — Iq

2

mg=1—zTa+

B 1 i+22]  15—12z
_1'z2+§[”:“_ 2 ]_ 6

The second-period subgame

Firm 2 knows that in the third period, the location decision of hrm 3 will
be infuenced by ils own choice of location. Thus, firm 2 caleulates the
best-response [unction of Arm 3 {which we calculated above). Hence,
firm 2 takes the decision rufe of firm 3 a8 given and chooses Zu that
would maximize its profit. Clearly, frm 2 will not locate at 2z = 3 —€
since this location yields & maximum profit of rz = 1 (it will collect &
higher profit by localing elsewhere, ns described below).

If firmn 2 locates al § < %z < 3§, we have shown that 23 = Z2 +¢ and

-1
?rl_zz_i.{l

Hc:we-.rer 1[' firm 2 locales at =3 > 3 we have shown that mz =

15-1i=: which is max_u:mzed ot 73 = 3. Lacated st £ = ¥, the profit
of Arm 2 18 s = + i g
In aummary, t.hc SPE 73 reached where
3 1 1 1
g = 1 Az = E_]_ 3 and Fy = L my = 4 ':7-32]

The boltom parl of Figare 7.9 illustrates the locailon of the firms in a
SPE.

7.3.4 Calculus-free location model

In this subscetion we develop a celeulus-free version of the Iotelling
linear-city model enelyzed in subscclion 7.2.1.

Consider a cily whers consumers and prodicers are localed only &t
ihe cily's edges. Suppose that the city consista of My consumers located
at point £ = 0 and Nr consumers located at the pont £ = L. There
are bwo Arms; Arm A is located also at £ = 0 and boo B is located af

T’

7.9 “Location® Modela 166

T = Transp- Cost
Ng consumers Ny, consumers

I I
| 1

Firm 4 {Uninhabitable Territory) Firm 1

Figure 7.10: Discrele-location model

= L. Awnume thut production i3 eostless. Figure 7.10 illustrates the
location of firms and consumers in bhis city:

Each consumer buys one unit either from the finn located where Lhe
consumer i3, or from the frm located on the other side of town, Shopping
nearby docs oot invalve transportation cost, wheress shopping on Lhe
other side of town involves paying e fixed Llransporlation cest of T = 0.
Lei 54 denote the price charged by firm A, and ps the price charged
by firm B. Thus, we assume that the utility of the consumer localed at
point z = 0 13 given by

0, = { —PA buying from 4
n=

—pg—T buying from B. (7.33)

Similarly, the utility of the consamer located ab point & = L I8 given by

- J —pa—T buying from A
U = { —PE buying from B. (7.34)

Lzt » 4 denote the number of consumers buying from Arm A, and ng
denate the nomber of consnmers buying from frm B. Then, {7.33) and

(7.34) imply that

0 Upsa>pe+T
na=1« Ny fpe-TEpason+T (735}
Mo+ Ny pa<pr-—-T

a Upg =pa+T
ng=+ Ngp ilpy-T<pp=patT
No+ N, ilpy <ps—T-

Non-emstence of a Nash-Bertrond equilibrivm,

A Nash-Bertrand equilibriumn is the nonnegative pair {p,pf}, such
thet for a given p, fitm A chooses pfy to maximize w4 = pang4; and
lor & given pﬁ, firm B chooses pl o maximize w5 = pgnp, where ny
and ng are given in (7.35).
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Proposition 7.8 Therr doer no! erist o Nash-Bertrand equilibrium o
pricds for the diverele version of Helelling's location model.

Proof. By way of conlradiction, suppose that [pﬁ,pg} constitute a
Nash equilibrium. Then, there are three cases: (i) |5 = pf| = T3 (i)
oY — il < T and (iii) [p} - p§| =T

{1} With no loss of generality, suppose Ghal pi" —pﬁ > T, Then,
(7-35) implies that nf{ =}, and hence #f] = 0. However, lirm A can
deviale and ncrease its profit by reducing its price to 14 = p‘; + 1 and
by having fiq = Mp, therehy earning a profil of T4 = Na{pl + 7). A
conbradiction.

{il) With no loss ol gencrality, suppose that p% < p% + 7. Tlen,
firm A can deviate and increase ibs profit by sliphily increasing ils price
te fia, satisfying p¥ < f4 < pff + T and oblaining a prefit level of
Ta = Nofa > 7y, A contradiction.

(iii) With no loss of generalily, suppose that pf — p¥ = T. Then,
pl =p¥ —T < p¥ + 7. Hence, as irm A4 did in case (ji), irm £ can
increase iis profit by slightly raising p§. A contradiction. u

Undercutproof equetibrium

Since a Wash equilibrium in prices for the discrote-locakion model docs
not exist, in Lhis subsection we defing, motivate, and solve for the un-
dereutprool equilibrium.

In an undercutprool equilibrium, cach firm chooses the highest pos-
gible price, sukject to the constrainl Lthal the price 13 aulliciently low so
that the rival Brin wenld nol fnd il profilable to set a sufficiently lower
price in order to prab the entire market., That is, in an undersutprool
cquilibrium, firms set prices at the lewvels thak ensure thal compeling
Frms would noed fnd il proftable Lo completely undercut these prices.
Thus, unlike behavior in a Nash-Bertrand environment, where each ficm
assnmes thatb the rivid firm does oot aller 1is price, in an undercul-
prool equilibrium environnent, firms assume Lhat tival frms arc ready
lo reduce their prices whenever undersutting prices and grabbing their
rival's market are profitable to them. This behavior is reasonakle lor
firme compeling in differentiated products.

Dermamion 7.5 An undereniproaf equilibrium for this economy is non-
negative n, n¥, and pY, pY such thet '

{. For given p% and rY, firm A chooses the highest price pY sulject
io

75 = pang = (No + Ny )(ps - T).
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2. For given pYy and nY, firm B chooses the highest price p& subject
ta

w =pinY = (Ng + No)(pE - 1.

8. The distridufion of eomnsumners belween the firms iv defermined
in (T.35).

Parl 1 of Definition 7.5 states that in an yndereutproct cquilibrinm,
firm A scls the highest price under the constraint that the price s sul-
ficiently low to prevent firm B from undercutling pY and grabbing the
entire markel. More precisely, frm A sels p& snficiently low so that
#'s cquilibrium profit level exeeeds B's profit level when it underculs
Ly setting ga = p4 —7', and grabbing the entite market (hg = No+Nx).
Part 2 is similar Lo parl 1 bot deseribes how frm 7 sets ily price. We
proceex] with solving for the equilibrinmm prices.

Proposition 7.0 There erisls ¢ unigue undercuiproof equilibrivm for
the discreie-location preblem given by nf = N, nfl = Ny, and

g _ (No+ NpL){2Np + Ne)T

B [ Np)2 4 Moy + (VL)
(7.36)

o (Vo + ML) No + 2N )T

A= R T NNy + (N7 “4 P

Proaf. First note that by sctting py £ T, cach firm can secure a strictly
poilive market share without being undercat. Hence, in an undersut-
proof cquilibrium both Brms mainiain a strielly posilive market share,
From (7.35), we have it that nY = Ny and n}f = N, Substituting
nY = N, and n¥ = N, into the two conatreints in Definition 7.5 and
then verifying {7.35) yields the unique undercutprook cquilibrium. W

Figure 7.11 illustrates how the yodercutproof equilibrium is deter-
mined. The telt side of Figure 7.11 shows how frm A is constrained in
=etting p4 to [all into the region where i B would ool benefit from
underculting pY (eompere with part 1 in Definition 7.5). The center of
Frgure 7.11 shows how firm B is constrained in selting pg Lo [all into the
region where firm A would not benefit from undercutting p% (compare
with part 2 in Defuilion 7.5). The right side of Figure 7.11 illostrates
the region where neither firm Ands it profitable to undercut the rival
finn and the nndercutprool equilibrinm prices. It should be emphoasized
that the curves drawn in Figure 7.11 are not best-response (reaclion)
finctions. The curves simply divide the reglons into prices that make
widercutling proftable or unprofitable for one Arm.
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po = Mipy—T) | |pa~ B Ne(pn —T)|
ra DA \ DA

IF undercizts pa A does nat
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Figure 7.11: Undereulproof equilibdnm for the discrete-locntion madel

Praperties of the undercutproof equililiriurn

Clearly, prices rise witll trapsportaiion cosis and mwenotonically declioe
to mero as transportakion costs approach zero, reflecting a situalion in
which LLe producls beeome homogeneous. More inlerestingly,

':Nu+JVL}{J"':| — N )T
II.NQZI + Mo VL + I"l.r[,jl-‘?’ )

Ap=pn — pa (7.37)

Hence, Ap > 0 i and ooly il Ny > Np. Thos, in an undercutprool
equilibrum, the firm selling to the larger number of consumers charges
a lower price. This lower price is needed to secnre Lhe frin from being
totally nndercut,

Finally, under gymmetric disicibution of consnmers (Vg = &), the
eqmilibiium prices are given by pY = pf = 2T. That is, each firn can
mark up ils price Lo lwice the level of the Lransportalion cost withont
heing undercut,

7.4 Appendix: Inverting Demand Systems

The demand system (7.13 can be written as

R [ R

Define & to be the determinant of

&EdeL[g ;]zﬂ“—rﬁ.--
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Then, nainyg Craner's Law we have it that

ldt[o:—p; ’}']:ﬂm“"}'}_ﬁﬂl+'l"?2
T A c—pr f & -

A a-m x(i - 1) —Bpa +1p1
_de [ ] B -2

This establishes equation {7-2).

7.5 Appendix: Existence of an Equilibrium in the
Linear City

We now prove Proposition 7.6, (1} When a + & = 1, the products are
homogeneous, so Lhe undercutting procedure described in section 6.3
applies.
{2) For the general prool see d"Aspremont, Gabszewicz, and Thissa 1979,
Here, we illustrale the argument made in their prool for the simple
cose where firms are located al equal distances slong the edges. That
i3, assume thal ¢ = b, @ < Lf2. Then, wc arc left to show that the
equilibrium exdsts il and only if L? = 4La, or if and only il 2 € L/4.
When a = b, the distance between the two ioms is L — 20, Also, il
eauilibrinm exists, (7.21) is now given by pa = pg = L. The profil
level of firmn A as a Function of ils own price p4 and o given B's price
#g = rL {or the cuse of o = B is drawn in Figure 7.12.

Ta

Region1 | Region 11 | Region T

L —_ —_ —_ —
4 | |

2rel —_ | |

I I I

1 1 PA
— e, L e e,
TL—1L—2) TL+7(L— 2a)

Figure 7.12: Existence of cquilibrinm in the Enear cily: The profit of
firm A [or o given fig = 76
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Fizure 7.12 has three regions:

Region I: Here, pa < 7L—1{L—2a). In this case, p4 is very low, so that
even the consumer located al the same point where firm £ is located
would purchose from fArm A. Thus, firm A has the entire market, and
ik profit is given by 74 = pal.

Region 1 Here, hoth frms sell a stricUly positive amount, so the profit
of Arn A as a funclion of pa is given in equation {7.18). Substituliog
ihe equilibrium ps = L inlo {(7.18) vields

_ (pa)?

A —-pAL— _2_‘?'_' {?33]
which is drawn in Region II of Figure 7.12. Maximizing {7.38) with
respect to pa yields my = 7L%/2, which corresponds to the peak drawn
in Figure 7.12.

Region I Here, pa is high, so all consumers purchase [rom firm B.
This is the polar case of Region L

Now, [or a given pg = rL, Figure 7.12 shows that 74 haz two lacal
maxima In one it has the entire markel share (pa = 7L —7(L — 2e) -
£}, whereas in the other il shares the market with firm B (pa = 7L).
For {7.21) Lo constitule the equilibrium prices, we most bave it that in
equilibrium, Lhe globally profit-maximizing price for firm 4 would lic in
Region 1 (and noi Regicn I). Qr, ihat [or the equilibrium pg =714,

n_ T8
L= >y = [rL — 7{L — 2a)|L = 27alk,

implying Lhat « < L /4, |

7.6 Exercises

1. Suppose that there are only teo firms selling coffee, called firms 1 and 2.
Let o, denote the advertising level of frm 1, § = 1, 2. Assume Ehat the
profita of the frms are affocted by the advertismg levels taken by the
firms. Formally, assume Lhat

wifey, o) = drey + 3oz — () and mafe, o) = 20z + oz — (o).

Answer the following questions:

{a} Calculate end draw Lhe best-response funciion of each firm. That

is, for any given advertising level of Brm j, find the profit-maximizing

alvertising lovel of Grm «.

(b Infer whelher Lhe sirategies are slrategically complements or strale-
gically substitutes (see Delinition 7-2).
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{c) Find the Nash cquilibrium advertising levels. Alzo, caleulate Lhe
frms' Nash equilibrivm profit lewels.

2. Consider the Hotelling Fnear-city madel analyeed in Subsection 7.3.1.
Suppose Lthat in the linear city there is only one reslaurant, located ot
Lhe center of the street with a length of 1 lom. Assume thal the restan-
rant's cosl is gera, Consumers are uniformly distribuled on Uthe strect,
whicli is the interval [, 1], whore at each point on the interval Kves one
consumer. Suppose Lhat Llw Leansporlation cosl for each eonsumers is
1 for earh wnit of distance {each kilometer of travel}. The atility of a
consumer who lives 2 units of distance from the restanrant is given by
Il =B —a— p, where p is the price of a meal, and H is a constant.
Houwever, if the consurner does not cal al the restageand, her nlility Is
7 = 0. Answer the [ollowing guextions:

() Suppaose that the parameter B satisfies 0 < 5 < 1. Find the num-
her of consumers cating at this resianrant. Caleulate the monopoly
restaurant’s price and profl lewels.

(b} Answer the previous quesiion azsnming thal B = 1.

3. University Rosd is best described as the interval (1], Two fast-food
restaurants serving identical food are lacated al the edges of the road, so
that restourant 1 is lecated on the most left-hand side, and restaorant 2
is loraled on the mest right-hand side of the roud. Consumers are
uniformty disiribnled en the interval [0, 1], where abt each point on the
interval lives vne copsumer. Each consnmer buys ane meal from the
restaurant in which the price plus the transporlation cost is Lhe lowest.,
In Thiversily Road, the wind blows from right to left, hence the lrans-
poriation cost [or a consumner who bravels to the right is $R per unit of
distanee, and only 81 per unit of distance for a consumer wha lravels
to the left. Answor the following questions.

{a} Lol pr, denate the price of o meal at restanrant @, § = 1,2, Assume
thiat gy aned pg are given and sakisly

Depr—Ndm<ltm.

Denote by # LLe lacation of Lhe consumer who is indiferent to
whether he ur she gnls at restauranl 1 or restaurant 2 and colou-
late £ as a function of py, pz, and Ji-

{b) Suppose that the given prices satisfy p1 = p2. What is the minimal
value of Lhe parameter B such that all consumers will go to eak
only al restalrant 17

4. Consider the Holelling muinlel wilh guadratis transportolion cost de-
scribed in equation (V.24 and assume thal hoth firms are localed at
the same dislances From the edges of the upit interval fie, a=b = 0
in Figure 7.7}
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{a) Assuming thal firms produoee the product with zero cost, calculate
the (;ymmetric) Nash equilibrivm in prices.

(b} Assnming that frm 4 is allowed to make a small adjustment in its
lacalion belore both Brms choose their prices; would Arm A mave
Inward or oulward? Prove your anawer!
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Chapter 8

Concentration, Mergers,
and Entry Barriers -

A prime reasom lor studying indusirial organization is for
understanding why concentration is observed very often.
—Common statement

As we discusmed in the introduction, the study of industrial orgenization
is motivated mainly by Lthe [ailure of the competitive market structure
model, analyeed in chapter 4, to explain the commonly observed high
comcentralion of firms in the same industty. Therefore, in this chapter
we attempt to nddress the following questions:

1. Why do firms in eome industrics malke pure profits?

2. When oligopolies make pure profils, how come cnbry of new firms
doecs not always occur, thereby eliminaling ell pure profila®

3. What can explain mergers among firms in a given industry?

4. What 15 and what should be the regulators’ aititudes lowards con-
centraled Indostries? hore preciscly,

{a) "Shauld the regulator limat and control mergers among firms
in the zame indualry?

(b} Ewven if mergers do not occur, should the regulator attempl
to control the degree of conceniration in industries?

Section 8.1 {Conrentration Measures) discusses and defines methods
For measuring the degree of concontration in an industry. That is, we
define indexes for measuring the disiribution of market shares across
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frms in a given industry. Section 8.2 {Mergers) analyzes merger Activ-
ities among firms end how thase activities affect the industry's level of
concentration. This section investigates the incentives of Brms within
various industrics to merge with other frms in the same induatry

Section 8.3 (Entry Barriers) and section 8.4 (Exniry Delerrence) pro-
vide a wide variety of explanations, classfied into twe related groups,
for why entry does not always oot despitc the fact that existinyg firms
in the industry make striclly positive profits. By eniry barriers we will
refer Lo a long list of condilions that cxplain why cntry doss not occur.
These conditions could be leshnelogical, such as economies of scale or
gunk entry casts; legal, such as patent protection or exclusive rights given
by other firms or regulators; or the result of markel crganization con-
ditions, such as distribution chanuels, markeling networks, or consnmer
loyally and goadwill. All these conditions are discussed in section B.3.

By entry deterrence we will reler to strategic aclions Leken by incum-
bent frms when faced with & threat of setual entry into their industry.
By strafegic actiony we mean actions thet the incumbent Grm would nol
find profitable to take in the abscnce of entry threats. Anpalyzing el
posaible such actions 15 Lhe subject of section 8.4

The distinction between enlry-barricr arguments and entry-deterrence

argnments s nol without troubles, for several reasons: In many cases it
39 hard to Gnd whether the conditions leading to 0o enlry are external
to the firms or are crealed by Lhe incumbent Grms. This in mask CASCS
mekes entitrust litigation agoinst monepely Arms very diffeult becanse
the monopoly firm can claim that the conditicna that prevent cnkry are
cxternal Lo the firms. Furthermore, some of the conditions preventing
entry can be augmented by the ncumbent’s Hehavior. Mare precisely,
we will show that the existence of sunk (irroversible) costs mey be auffi-
cient to sustain one moncpoly frm in the industry. Now, note that some
sunk costs arc external to the frms, such as enbry baoees paid Lo the local
anthoribies, initial market surveys required by the investors and so on.
However, there are many sunk costs Lhat are Arm dependent. For exam-
ple, the incumbent firm may spend on B&D to improve its product for
tlie purpose of lorcing A&D cosls on the potential entrant. Ton addition,
the incumbent may spend large sums of money on advertising for the
purpose of forcing advertising sunk cmst on the potential entrant.

In most of gur analysis, sunk cost is either explicitly assumed or Im-
plicitly ussumed to prevedl as a conscquence of having frms comumithing
Lo certain capacity foutpul levels. Sectinn 8.5 {Contestable Markets) in-
troduces & contesfable markel struciure which describes the behavior of
an incnmbent Grm when potential cotrants Catl enter without having Lo
bear any sunk cost (generally called hit-and-run eniry).

Finally, an appendix, section 8.6, provides an overview on Low the
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Department of Justice and the Federal Trade Comimiasion decide whether

to cha]lenge 0 TCTEET and the comesponding operaling guidelines. Ap-

ﬁen.dnc section 8.7 discusses the legal approach Lo entry-delerrence be-
avior,

B.1 Concentration Measures

.Su [ur, our disenssion of industry concentrstion regarded concentrated
qdusmr a5 one where there are [ew frms, and each firm mainleins g
high market share. Tn this scction we eliminate lhe vaguencss hehind
the concept of cancentration and proposs precisc measures of concen-
tration. There are two remsons why there is a oeed [or these precise
meAsures. Firsi, Lo be able to compare conceniration among different
industrics in the same or different countrics. The compared indusiries
need not share anything in common, but a proper concentration measare
_shnu.ld be able to compare concentration despite the [act that different
industrics have different. numbers of firms and different distributions of
fuarket shares. Second, in casc the regulating authority would Tike to
intervene and to prevent a chenge in concentration of a certain industry,
the regulalor musi specify « general measure by which it decides l:haé
a certain industry 15 concentraled. Thess measurces can then be used
by the legal system that arbitrates conflicts between ihe firms and the
regulator about mergers.

%t i3 & concentrated industry? Clearly, the mask concentrated in-
dustry is a monopoly which sells 100% of the industry’s oulput. When
the amber of firme is preater than one, there are iwo [actors thal in-
Auence concentralion: {a) the number of firms in the industry, and (b}
the distribution of cutpul emong the ficns in the industry. Thus, a
messure of concentration should be senaltive Lo both the lliisﬂl;ril:n.Ji:i-:mI of
_the industry’s output acress firms as well as the mamber of Grms in the
industry.

Let N he the mumber of Arms io the industry, let @ denote the
aggrepate Industry-output level {ageregate amount sold to consNmers)
an% It g; dencte the oulput of frm i, 4 = 1,2,...,N. Thos, & =,
2.‘=_1 g;- Obviously, there may be a problem with this summation if
the industry is composed of irms producing differentiated products. In
other words, can we auld red cars and purple cars? What ebout adding
large cars and small cars? We ignore these sgpregation problems, which
-r:n:rma up in almost every empirical work in industrial orgenization and
intermational trade.

Let s; = (100g;,/Q} denote the percentage of the industry’s total
output sold by Grm 4. We call 5; the mavkel share of firm i Gbserve
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that @ < »; < 100 and thai

o o
3= Wm® g
1=1 Q

In what follows, we discuss two commonly used measures of von-
ceniration which, among other indicators, are wsed by the U.S. Federal
Trade Commission for determining whether io approve o merger. For

more measures and their interprelation, see discussions in Jacguermin
1987 and Tirole 1988, Chapter 5.

3.1.1 The lour-Grm concentration ratio

The [our-firm coneeniration ratio was used for merger guidelines (see an
appendix, section 8.6.2) purposes fom 1968 to around 1982, It simply
fnms up the market shares of the {our largesi firms in the indostry. Let
us order all the firms in Lhe industry (rename them) so iial fron 1 would
have the largest market share, firm 2 Lhe second largest, and so on. Thal.

19, 8 2 52 > 53 > ... = #yy. We define the lour-firm eoncentralion ratio
by

4
L= s (8.1)

Tiblz 8.1 deinoastrates the value of Iy for lour imaginary industries.

0. share a4 | &2 | 7 | 34, 85 [ S5..-43 | vs, %10 || I | Imr—|
Inlaskry 1 | 60 | 10 ) 3 5 1] 80 | 3,550
Twelrstryr 2 | 20 20 20 20 1] i a0 2,000
Induslry 3 | 3% [ 180 | 100 D 0 0 10 | 3,333
Industey 4 | 49 49 | h25 | 025 .23 0.23 “ 08.5 | 4, M2

‘Lable B.1: Measures for industry’s concentralion (s; in percentage)

You probably nolice Lhal therc is somelhing unsatisfactory abouk
the four-Brm concentration ralio. In industry 1, firm 1 Las 6805 of the
market. Induatry 2 has five firms, all have equal market shaves of 20%.
However, the lour-finm eoncentration ratio yields Iy = 50% for baoth
industries. We ronclode that sinee the lour-Arm mcasure is liuear, it
does not difterentiale between different firm sizes as long ax the largest
[our frms maintain “most” of the inarket shares. Comparing industries 3
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and 4 demonstrates the same problem where an industry equally shared
by llwes Grms is measurcd to be more comcentratad than an industry
dominated by only eo frms.

8.1.2 The Herfindahl-Hirshman Index

The Herfindahl-Hirshman index {denoted Ly Izg) is a convex function
ol firms’ market shares, hence il is sensitive to unegual market shares,
We define Lhis measure Lo be Lhe snm of the squares of the frms' markel
shares. Formally,

N
IHH = Z{E;:Ii- (EE:I
i=1
Table 5.1 shows thut the Ty for industry | s almaost torice the Ty lor
industry 2. This [ollows from Lhe [act thab agearing the market shores
of the Iarge frms incresses this indaex to & Iarge value for industries wilth
significantly unequal merket shares. Compariog industries d and 4 shows
that while Lthe I, measure indicates Eial industry 3 is more concentrabed
thon industry 4, the Jyy measure indicates that industry 4 is more
concentrated than industry 3. For this reason, the I 15 [ound to be
the preferred concentration measure Ior regulation purpases.

8.2 Mergers

The terms rmergers, lakeovers, acquisitions, and infegrufion describe a
gituation where independently owned firms join under the same own-
crship. We will use the term smerger to refer to any lype of joining
ownership and disregard the question of wheiler Lhe merger is initiated
by both firms, or whether one firm was taken over by another. Inslesd,
we invesligate the gains and incentives to merge and the consequences
of mergers (or the subsequent performance and productivity of the frms
involved, for consumers' wellare, and [or social wellare.

The Federal Tiade Commission classifies mergers inlo Llree general
categories:

Horizentul merger: This cceurs when firmes in the same industry, pro-
ducing identical or similar products and selling in the some geo-
graphical market, merge,

Vertical merger: This occurs when & Bron producing en intermediate
good [or & factor of produclion) merges with a firm producing the
final good that uses Lhis intermediate good, or when lwo companies
who Leve a potential buyer-seller relationship prior to & morger
merge.
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longlomernte merger: This occurs when fons producing less relaled
‘preducts merge under the same ownership. More precisely, con-
glomerate mergers are clasdified into three subclsses:

Product edension: The ecquiring and asgnired firms ere [une-
tionally relaled in production or distribution.

Market erfemaion: The firms produce the same produocts but sell
them in diferent geographic markets,

Other onglomerate: The firms are essentially unrelated in the
products they produce and distribute,

Havenscrali and Scherer (1987) provide a comprehensive study of
merger ackivitics in the United Stales and report four prest merger
dprmvem” thet have marked American indusirial history: onc peaking
in 1901; a milder one during the late 1920s; a third, with its peak in
1969; and the mosl recent one, a resurgence in the early 1980z Looking
at the lypes of mergers, we note that Lhe data show a significant decline
in horizontal and vertical activity and o rise in “pure” conglomerate
mergers rom the 1960s. The merger wave of the turn of the century
was preponderantly horizental. The wave of the 1920s saw extensive ac-
tivity in the public-ulilily sector, in vertical and producl-line extension,
and in horizonlel mergers that created oligopolies rather than monopo-
Les. The wave of the 19603 was preponderantly conglomerate, reflecting
a much mors stringent antibrost policy agains! herizontal mergers.

Why do mergers oceur? First, a merger may reduce market compe-
Litlen between the merged firms and other firms in the industry, thereby
increasing the profit of the menged firms. However, note that section 5.8,
exercise 2 demonstrates in a Cournot markel structure that when there
are more than two firms in ihe industry, the aggregate profil of the
merged Grms can be lower than the profit of Lhe two frms scparatcly
before the merger occurs. Second, il the merger involves merging capi-
tal, asscts, and other Fxed [actora of produstion, then the merged firms
would be eble to increaso their size, posmibly reduce cost, ond thereby
increase their market share, hence profit. Thivd, mergers and takeovers
occur when there is a dispority of valuation judgmentls, given uncer-
tainly ebont firture business conditions: Lhe buyer is (or some remson
more optimistic about the frm's future than the seller, or lhe huyer
believes il can run the acquired entity more profilebly as a part of this
organization than the seller could by remaining independent. Fourth,
thosz who conlral Lhe scquiring cobity scek the prestige and meonetary
rewards asdocialed with managing a large corporate empire, whether or
not the consclidation adds to the profita.
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8.2.1 Horizontal merper

In subsection §.1.3 we saw some Lleoretical basis for the presumption
that under a Cournot market structure, a decrease in the oumber of
frms in an industry (via, ay, & merger) reduces social welfare, Thet is,
we have shown Lhat under a Cournot markst structure, in the case of
identical Arms wilh no fixed costs, an increase in the nomber of firms
incresses Wbe sum of eonsuner surplus and producers’ profits despite the
[act that profils decline.

Howeyer, there is still a queslion of whether a regulator should refuse
to permit & merger Lo take place only cn the basis of the associaled sharp
increase in concentration. The answer Lo this queslion is no! That is,
in what follows, we construoct an example where a merger of a high-cost
firm with a low—cost Arm increnses overall wellare despite the inerease
i eoncentration {for a eomprehensive analysie of mergers under the
Cournot market structure for the case of n firms, see Salant, Swilzer,
and Reynclds 1983).

Congzider the Cournol duopoly case, that of two frma produocing &
homogeneons product, anplyzed in suhmeciion 6.1.1 on page 95. Let
the unit cosls be &) = 1 end o3 = 4 and the demand be p = 10 — Q.
Equations [6.5), {6.6), and (6.7} imply that under the Conmol duopoly
market structure: gf =4, ¢ =1, p° =10—-(4+ 1) = 5, =f = 16,
S = 1. Henee, in view of (3.3) (soe subsection 3.2.3), the consnmer
surplus is C'5(5) = (e — p°)* = 25/2. Hence, in view of (6.13), W* =
CS{B) + nf + =5 = 20.5.

MNow, sllow & merger betwsen the two firms. The new hrm is &
mmltiplant monopoly, and s shown in seclion 5.4, the newly merged
frim would shul down plant number 2. Hence, the merged frm solves a
simple single-plant monopoly problem mnalysed in seclion 5.1, ylelding
an output level of ™ = 4.5, and »™ = 10 — 4.5 = 5.5; hence, ™ =
(5.5 — 1)4.5 = B1/4. Also, C§({45) = 1{10 — 5.5) = 81/8. Allogether,
W = C5(4.5) + =™ = 30.375.

Comparing the premerger concentration level with the postmerger
monopoly yiclds that

I = (F0%)% 4 (20%)° = 6,800 < 10,000 = {100%)” = Iy, (8.3)
Ohserving thal W™ = WS, we can slate the following:

Proposition 8.1 hmder a Ceurnotl markel siruciure, & meger armong
firms leading 1o an tncrease in concenfruiton does nol necessarily imply
un overull welfore redurfion.

The iniuition behind Proposition 8.1 is that when firms have different
production costs, there cxists a trudeoff belween production efficiency
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and the degres of monopoligation. In other words, & merger between
a high-cost and a low-cost hirm increases produoclion efficiency sinee it
eliminates the high-cast producer. However, Lhe increasa in concenira-
Lion inereases Lhe market price and therefore reduces conzumer welfare,
Now, when the difference in produclion costs between the two firms
is significant, the increass in produoction cfficiency effect dominates the
reduction 1o consumer wellare.

Tn view of the merger guidelines described in subsection 8.6.2 such
e merger will nol be approved, despitc this example’s demonstration
that the merger would improve overall welfara. However, the reader is
advised nol Lo Leks this example too seriously for the lollowing reason:
It is possible that cur methodology s wrong in Lhe sense Lhal we are
making welfare judgmenls based on the Cournol market structure. Had
the firms played Berirand, the inefficient firm (firm 2) would not be
producing in the duopoly case. In summary, conclusions about wellare
Lhal are based only on the Cournot market strusture should be checked
to delermine whether they alse hold nnder diferent market sbructires.
Otherwise, such n welfare analysis is nol robust.

The analysis of this subsection has a major shortcoming in that it is
done without accounting for firms' size and therefore for the efects of
changes in size aasociated with every merger. That is, under a Cournob
market stroeture, when two firms with the zame unit costs merge, Uheir
artnal size merpes into o single Grm. Davidson and Deneckers {1984) de-
velop & model that overcomes this shortcoming by introducing capaeity
to the analysis. In their model, when lwo Grme wilth invested capacity
merge, they merge wilh their entire stock of capacity, sa the joint hrm
maintaing a larger capasity level than each individual Brm.

8.2.2 Verticel merger

A vertical merger is defincd as a merger hetween a supplier (producer)
ol an intermediale good and & producer of v Bnal pood who uses this
intermediate good e & [actor of produclion. The common terminolegy
used to describe these Airms is to call the intermedinte-good suppliers
as upstrenm firme, and the final-pood producers as doumstream firms.
Figure 8.1 illuslrates on industry structurc in which thers are two up-
stream fums selling an inpnt to two downstream firms, In Figure 8.1
the two input suppliers denoted by 4 and B sell identical inpuks ta both
downstream firms dencted by 1 and 2. The left-hand side of Figure 8.1
shows the mitinl situation in which all frms are disjeint. The right-hand
side ilustrates the case in which the upstream frm A merges with down-
stream firm 1. We denote the merped Grm by A1, There are several ways
in which eompetilion in the upstream and downstream markets could

. .ol
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Upstream Unstrenm
A (2]
l I Al
1] 2] 1 [2]
Downstream Downstream

Fipure §.1: Upstream (ector suppliers and downstream producers

be modeled {See for example Ordover, Saloner, and Salop 1990; Perry
1989; Salinger 1088; and Tirole 1988, Chap. 4). Clearly, if hoth the
upstream and the downstream markets are chararterzed Ly a Dertrand
price competition, then it 1= easy Lo show thet profils of all Arme are iden-
tically zero before and after vertical integration cogurs. In order to solve
Lhis modeling problem we coalld assume thet the downstream firms pro-
duce differentialed products (such as the Hotclling spatial competition
analyzed in snbsection 7.3.1) so that Arne wonld make posilive prof-
its. Inslend, we iske an approach yielding similar results by assuming
Lhai the upstream market is charasterized by a Bertrand price compe-
titicn {section 6.3), whersns the downslreem market is characterized by
l a Cournot quantity competition (scction 6.1).

Dovmeirenm comnpefilion

We masurne Lhat the demand for the good marketed in the downstreanm
market is given by the linear demand p = & — g — ¢a, where & > 0,
and i, and g; sre the oulpat levels sold by downstream firms | and 2.
Lat the technology be such that one nnit of input produces pne unit of
outpnt, and denote by £, and = Lhe price of the inpul pald by Brms 1
and 2, respectively. Hence, the firms® unit costs are given by e and g,
respectively. In section .1 we showed Lhel under this demand and cosi
slructure, a Cournot quantlity compelition yiclds the output and profit
for each firm 4 given by

- - — T 32
gi = cr 2':='| + C.'i and = (& Gt ':J} _ Ea_ﬂ
i g
Hence, the aggregate downsireamn production and price levels are
20— —ip ato 4o
qul+qz=——31 and p=ﬂ:—Q=—; . [8.5)
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Upstrearme competition bofore the merger

The upsiream firms A and B scll the intermediate product Lo the down-
stream frms 1 and 2. Since the bwo upsiream Arms engage in a Bertrand
price eompetilion, prices Iall Lo their unit production ecost which is as-
sumied to be zero, Hence, &3 = oz = 0, 60 the downstream firms have
zero production coats, Thus, substituting into [8.4) yields

131=E2=§, m=ny=—— and w4 =up =0 (8.5)

Frpstream ond doumstream merge

Suppose now that upstream firm A merges with downstream firm 1. We
dencte the merged finn by Al. Hence, the input cost of the merged
firm A1 is zero. We assume that the merped hrm A1 does not sell the
intermediate good to Arm 2; therefors, the upstream frm B is now a
monapoly In the factor merket and maximizes its profit by choosing the
price for its intermediate product ep thal equels the cost of production
of downstream firm 2. Thos, the profit of upstream firm B is ita price
¢z limes the output level of downstream firm 2 given in {8.4). Formally,
the upstream brm B cheosss op that solves

taa— Zca + &1}

- (8.7)

MAX TR = &afp —
1
The firsi-order condition yiclds 0 = o —4c2 + ¢y, ylelding that cg = arfd.
Clearly, the second-order condition is salisied, so substituting ¢; = 0
and £y = ez/4 Into (5.4} and {8.5) yiclds
o fa To Sex

-_—_ = - = — dp=—. B
q1 12" Q2 B Q 12° and @ 12 {BS}

Hence, the profit of the bwo downstream firms is given by

(3.9)

Bha’ o
TAL =Pga = - and m = (p—cz)g = £

Equation {5.8) yields the [ollowing proposition:

Proposition 8.2 4 merger befuwesn on upsitream and o downstream
firm increnses the output level of the merged firm ond reduces the culpul
fevel of the doumstreamn firm that does not mere.

Proposition 8.2 is rather intuitive. The downstream firm that docs not
merge fares an increase in it inpub cost resulting from having to buy
ila inpul from a single monopoly firn H. Hence, the increase in firm 2's

F__ﬁ___
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produciion eost and the reduclion in fim 1's produclion cost would
increase the output of Arm 1 and reduce the output of frm 2.

We wish Lo investigate whether this vertical merger is profitable to
the vertically merging frms. To sec that, we need to compare the sum
of profils of firms A and 1 prior to the merger Lo the profit of Lhe merged
firm Al. However, prior Lo the merger, imm A made zero profit, henes
prior to merper Cheir joint profit was m = &>/9. Comparing this sum
Lo w4 in (8.9) implics that

Proposition 8.3

1. The ecombined profit af the merging upstream and davmytream firms
increase after they merge.

2 A merger hefween the upstream and the downstream firms will not
foreclose the market aof the disjoint downstream firm bul will only
reduce its profit.

Proposition 8.3 is imporiant, since it i5 olten argued that vertical merg-
ers lead to a foreclosore of Lhe disjoint downstream Arms, which in our
example means thal firm £ or firm 1 or both would go out of business.
Nate that this cannot happen in the presenk madel since Lhe upstrcam
firm B will reduce the input price Lo prevent firm 2 from leaving the
market (firm B sells only to firm 2 after the merger). Since vertical
integration does not necessarily imply loreclosure, the FTC seerns to be
more [orgiving to vertical mergers then to horizontal mergers. Moreover,
many econormists believe that vertical integration should be viewed as an
increase in efficiency since nosl Hrms curry on several stages of produc-
lion nnder & single plant anyway, with or without vertical integration.
Thus, = firm s by definiiion a vertically merged enlily and ia believed
Lo he an efficient [orm of organizalion.

Finally, the aum of the profits of the disjoint upstream firn B and
downstream firm 2 is given by

o o 10a? o
TptTr= o b = <0+,

—_— -1
24 36 144 (8-10)

wlich is the sum of profits of Arm B and 2 prier Lo the merger hetween
frm A ond Bon 1. Thus, despite the fact that the profit of Lhe nonmerg-
ing upstream frm B inrreases with the merger of brm A with firm 1,
the decline in the prefit of the nonmerging fnal-good-producer frm 2
ia larger than the increase in mg, which is caused by the sharp drop in
market share of irm 2.
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8.2.3 Horizontal merger among Arms praducing
*  complementary praducts

It was Cournot who realized that hotizontal merger need not increase
the eguilibnum price level when lwo finng producing complementary
products merge. The render is probably Tamiliar with the definition
and exumples of complemenlary products. Examples include coffee aud
milk or sugar, andio receivers and speakers, video players and casscbtes,
cameras and Alm, computers and monitors, computers and software,
cars and tires, transportation and hotel services, and more. The reader
is referred to section 10.3 for further analyses of the ceonomies of systemns
Lhal are composed of complementary components.

In this subsettion we analyze an industry where finns produce two
complementary producta. Economides and Salop 1992, provide & more
extensive analysis of complementary systems by considering several pro-
ducars ol cach product.

Demand for syslems

Consider a markel for compuler systems. A compuler system is defined
&3 8 eombination of two complementary products called computers (de-
noted by X)), and monitors {denoted by Y). We denote by px the price
of one computer and by gy the price of & monitor. Therelore, sincs a
system econsiuls of one compuler &nd one moniter, the price of a sys-
tem is given by ps = px + m-- Let @ denote the quantily of systems
purchesed by all consumers, and assume that the aggregate consumer
demand is given by

Q@ =a-ps=a—(px+py) or pz=px+pr =a—Q, a:=0. (8.11)

We denote by = Lhe amount of computers sold o consumers and hy 3,
the amount of monitors sold. Since the two components are perfect
complements, £ =g = §).

Independently oumed producing firms

Suppose thal computers and moenitors ore produced by differsnt frms
whase strategic variables are poees, and sappose Lhal produclion of
either product is enstless. Consider the problem solved hy the computer
firm {X-producer}. For a given py, firm X chooses px thal solvis

ILax 7y =pxX(px)=px[c - (px +v]] (8.12)

The frst-order conditing yields } = %”f =@ — 2py — . Clearly, the
second-order condition is seiisfed. Hence, Arm X’s price-best-response
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function to ¥'s price is px = (@ — py)/2. Similarly, we can show tha,
¥'s price best response wilh respect to X's price is py = (@ — px)/2-
Altogether, when the complementary components are produced by inde-
pendent hrms, their prices, quantities, and frms' profit levels are given
by

t o
Px=Pr=EI Q=I=y=ﬂ—@x+w}=§ and T =Ty =

Monopoly producing all components

Now suppose Lhal firms X and Y merge under a single ownership. Thus,
computers are now sold es systems composed of a single monitor bun-
dled with & single computer. Therefore, the monopoly systems producer
chooses a system price sg that solves

mexwxy = pzlor — ps)
ns
¥ielding a Brat-order condition given by 0 = ﬂgpq = & — 2pg. Clearly,

the second-order condition is satisfied. Hence, the price of a system
under monopaly and the monopoly's proft are given by

M _ & M A M M_ G M a?
Ps =5 QF =z =y =e-p3 = und Xy =7 (8.14)

We conclude the discussion on mergers with Lhe [ollowing proposi-
tion, which follows from the comparison of (8.13) and (8.14)-

Proposition 8.4 A merger into a single monopoly firm befween firms
producing complementery producls would

L. reduce the price of systems (ie, pif < p® =pyx +ov);
2. inerease the number of syotems sold fie, QM > Q); and
. increase the sum of profits of the twe firms (ie., 7, > mx +7p ).

The significance of Proposition 8.4 is that a merger between two Grins
producing complementary products can increase social welfare, since
congumers face lower prices, and Brms gain a higher profit. The intuition
behind Propasition 8.4 is as follows. Given that the two components are
perfect complements, a rise In the price of one component reduces the
demand for both components. Under price competition among indepen-
dent component-prodecing firms, each fimn overprices its component
since each firm is afferied by the reduced demand Ffor its component
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and not Lhe entire system. Thus, Lhe negative externality on the other
firm’s demand is not internalized. However, when the firms merge, Lhe
joint ownership takes into consideration hew the demand for bath com-
poneats is alfected by an increase in the price ol one component, and
the negalive demand externality is internalized.

We conclude our discussion of merger of firms producing comple-
menlary products with twe remarks: First, Sonnenschein (1968) has
shown that tLe Nash cquilibrium where s compete in price and sell
perfect complements is isomorphic Lo the casc where firms compete in
quantity and sell perfect subslitutes. One simply has to interchange
the roles of price in the network case will the industry quantily in the
perlect zubstitutes case. For example, Proposition §.4 can be reinter-
preted as showing thal under quanlity competition anong firms selling
perfect substitutes, a merger Lo monopoly would (1) reduce Lhe aggre-
gate yuantity produced, (2) increase the price, and (3] result in strictly
larger industry profis. Second, Gandel and Salant (1992) show thal Lhe
merger of firms producing complements and selling prices may e un-
profitalle il some members of the industry are not parties 1o Lhe merger.
Qiven Sonnenschein's ohservation, their result implies that mergers Lo
less than monopoly may also be unprofitable il firms produce perfect
suhstitutes and engage ih Cournot compelition, a poiot [rst noted in
Salant, Switzer, and Teynolds 1983,

8.3 Entry Barriers

Why do we frequently observe that Airins do not enter an industry despite
ihe Fact that the existing Arms i the industry make above nornzal prof-
its? In tlis seclion we investigate the lollowing guestion: IE olipopolics
make pure profits, why does free ontry not occur until competition brinps
down the price so that cxisting frms will ne longer make above normal
profits? Darriers to entry are considerad an important struelural char-
acleristic of an industry, The compeliliveness and the perlormance of
an industry are penerally assnmed Lo be strongly influenced hy its enlry
conditions,

Thers can be many reasons why cotry may not oconr. The primary
explanation (o entry barriers is the existence of entry cost. Bain's pi-
oneering work {195G) specified Lhree sources of entry barricrs: absolute
cost. advanlapes of incombenl Grms, cconomies of scale, nnd product-
differentiation advanteges of incumbent firms, such as reputation and
goodwill. In addilion politicians and all levels of governments may ex-
plicitly or implicitly support the existing firma (and the existing firms
may in relurn support and contribute Lo the campaigns of politicians).
Maintaining such connections seems impossible for new investors. Other
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reasons include the learning experience possessed by the cxisting frms,
consumers' loyalky to lrands already consumed, and availability of {i-
nyncing {lunka are less eager La lend to new investors) (see also Geroski,
Gilbert, and Jacquemin 1994).

In this seclicn we briefly discuss cotry barriers. As we meniioned car-
lier, we regard entry barmiers a3 the conditions that are nat controlled by
the incwmbent fitms Lhal explain why eoiry does ool occur, Section 8.4
helow will address issucs of entry deterrence, which we regard as the
sirategic actions liken by incumbent firms when Facing the entry into
an indhistry of poteniial competitors. Subsection B.3.1 demensioates a
Lechnological cxplanation [or entry barricrs and shows how the degres of
concentration is related wo Lthe fixed prodoction costs. Subseclion 8.3.2
demomsirates the role that the existence of sunk costs play in generatiog
the conditions For enlry barriers. '

R.3.1 Concentration and fixed costs in a noncompetitive
market slrecture: an example

Lot us demonslrate the rolationslip between Hixed costs and concentra-
tion by means of an example. Consider the mooopaolistic competition
in the dilferentiated-produrts envirorunenl analyzed n seckion 7.2 on
page 143. In that enviroument, [irms have o bear 4 fixed cost, implying
that 1n equililrium there will be entry of & Aoite number of Arms. More
precisely, recall [rom Propusition 7.5 on page 147 that the vwober of
Brms is &™" = L/(2F"), where L is the economy’s resource cndowment
ared F is the Hxed cost of each Ao, (B> 2F). Heoee, the industey
describod in Seckion 7.2 ylelds a concontration level given by

z v

Iup =N™ (%) = % = glﬂ,ﬂﬂﬂ. {313}
Consequently, in a monopaolistic-conpelition environment, tle Frryy con-
cenkration Tatio inereases with the fixed cost. A similar caleulation can
be pedormerl in a2 Cournot marker structure, where firms have Axed
cosk, and therclore, only & Enile nuwotber of Arms woukd eoter.

For the cose of an indusiry producing a lomogeneous product, von
Weizsicker {1980} demonstrales thal il production technologies exhibit
increasing retums to scale ab low owiput levels (U-shaped average-cost
funckong), then the equilibrium mumber of [ivmns Is larger than the social
oplimuom,

9.3.2 Sunk costs generate entry barricrs

By sunk costs we mean codts Lhat cannob he reversed o [or which the
fnvestment associated with paying them eavnol be cooverted to other
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causes, of resold in ooder o recapture part of the invesiment enst. Fax-
amples include legal (lawyera’) fees and taxes that an entering finm must
Liear prior to the actual entry. I alter paying this cost o frm reverses its
decision Lo enter, Lhe Brm cannet recover these fees. Odler forms of sunk
costs include market surveys (almost always mandaied by the investors),
adverlising costs, and cxpenditures on nonlransportable, nonconvertible
plant and equipment, such a5 the site preparation work [or any plant.

Following Stiglitz {1957), we now demonstrate how in o market for a
homogeneous product, the exisience of even small sunk cosis can serve
83 an entry barrier so that entry will nel eceur sven if the incumbeni
conlinues to make o monopoly profit. There are bwe firms, A and B,
hoth capable of producing an identical product wilth idenlical constant
marginal costs. Firm B i the potential entrant. 16 Arm B enlers, i has
Lo sink e dellars into the process. Firm A is uhe imenmbent monopoly
firm carning a profit of #* = =¥ — ¢, where M denotes Lhe monopaly's
profil level, not including the entry eost it has aleeady sunk in. This
extensive-lorm gume is illostrated in Figure 8.2,

(B moves)

ENTER STAY OUT

Bertrand game

st=gl =_¢ <0

Figure 8.2: Sunk cosls and entry barricrs

In the pawme illnstrated in Figure 8.2 the polential entrant {frm B)
moves first by choosing whether to entor or not- In case frm If chonsos
uol to enter, it saves Lhe enlry cost € and therelore carns zero profit. In
this case, [irm A remains a monopoly and makes the monopoly profit
less the cntry cost it sunk earlier. In conbrast, il irm B enlers, the
Brms are issumed to set their prices simullaneonsly, yiclding a Bertrand
cquilibrium (see Delinition 6.2 on page 108) where price eqnals marginal
cost. In this case, boilh Arms maks o loss equal to the sunk cost. It is
strajghllorwnrd to cstablish the following proposition:

Froposition B.5 For any level of sunk enfry coul sabisfring 0 < ¢ <
M| there exists o unique subgome perfact equilibrium where firmm A iz a
monepoly carming 73 =M — ¢ and firm B stays out.
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That is, in a SPE, the entrant [oresees thal alter entry occurs {the second
stage of the game), the incumbent will switch from being a monopoly to
lLieing In an appressive price competition and leading the mareinal-cost
pricing. Hence, in Lhe Brsi stage the potential entrani will choose not
to enter since staying out yields zero profit.

Proposition B.5 is rather disturbing becanse it means that entry will
pever acour as long as there are sume (even infinitesimal) sunk cosis
asanciated with eniry. However, the reader should nolice thal Propo-
sition 8.5 applics only to homogeneous praducts. [n Mok, under (hese
eireurnstances, il is Bkely that the entranl will enpape itzell in foriher in-
vesbiments (higher sunk costs) in order lo develop a differentiated brand,
in which case price competition need not yield zero or negative prof-
ils. However, Proposition 2.5 makes 2 poinl Ly slating that even small
sunk cost can create all the conditions for entry barriers. In fact, the
incimbent does not need to do anything Lo deler this entry and sim-
ply conilnues prodecing the monopoly oubpul level. Proposilion 8.5
highlights the role ex-post compelition plays in creating entry barriers.
What generakes the enbry barriers even lor negligible sunk cost Is Lhe
intensily of the postentry price compelition. Had we assumed ihal Lhe
frms play Cournot after entry occurs, low sunk cost would nob generate
enlry bartiers. Assnming Berirand price competition generates the pos-
lenlry intense compelilion Lhal makes entry unprofitable for even Iow
CIETY CO5tS.

We conclude this analysis by considering o situation where o firm
could receive an amount of ¢ > 0 npon exil. For exooople, il ¢ < g, Lhen
wa can view ¢ a3 the amound of its original expendilure the Grm can
recover upon exit. Figure 8.3 illustrates the modifed game,

{8 maves)

STAY OUT

{A moves)
STAY IN

EXIT

STAY IN

Bertrand game at=gp—¢ w=nr

gl =gf = —c 2}

Figure ¥.3: Sunk-cost enlry barriers with partial cosl recovery
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In Figure 8.3 we added an additional stage enabling the incumbeni
firm A) Lo exit afler A 5 makes its choice whether to coter or nat.
In fact, firm A% exit choice could have been included in the original
game (Fignre 8.2); however, in that game A’s exit action was clearly
dominated by oller petions and way therelore ignored.

We now lock [or a subgame perleclt equilibriuem for this game. The
subigame on the right (& docs not enter) has a unique Nash equililirium
where the incumhbent sdays in and Grm B eoms gero profits. The sub-
game on the lelt {starting with the node where Lhe incnmbent makes
a move) has a unique Nosh cquilibrium where the incumbent exiis Lhe
industry and collects a proft of ¢—e > —r it wonld collest il it stays in.
In this case, the entrant becomnes a monopoly. Therelore,

Proposition 8.6 There exisls ¢ unigue SPE for the game described in
Figure 8.5, where firm B cnfers and firm A fincumbent) erits the in-
dustry. Formally, ({EXTT, STAY-IN), ENTER) is o unique SPE.

Proposilion 8.6 states that the market for this product will remain dom-
inated by a monopoly market structure despite the et that eniry (and
exit) oseur. One monopoly replaces another monopoly. enee, from the
consummers” poinl of view, this particular market will he regarded as one
that has substantial eniry barriers.

Finally, we can further modify the game described in Fignre 3.4 by
adding ar initial stage in whick firm A makes a choice wheiher Lo enter
the game and become ile incwnbent Arm. Clearly, if frm A wonld
be alde to recover only paré of its sunk cost (@ < €}, Lhen it would
nol enler at ell, und no other frm wonld ever find it profilable to enter.
This result makes our arpumeni even sironger since In this case the entry
biarriers are so strong thak entry is not profitable Lo any frm, becanse
any enlering firm would have to exit when another fivm enters.

B.4 Eniry Deterrence

We now turn to the strategic approach lor explaining entry barriers. We
assume Lhat initially there is one firm, called the éncumbent or the estab-
lished Brm, thal 8 & inonopoly in a cerlain market. In the second stage,
we agsume that another firm, called (he pofentint entrand 1s entedng the
markel if entry remilts in above normal profit.

Modifying Bain's elassifeations of entry deterrence, we use the [ol-
lewing terminalogy:

IMackaded entry: The incumbent is nol threatened by entry; no frm
would find it profitable to enter, cven il the incumbent produces
the monopoly oubpuat level.

B
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Deferred entry: The incnmbent modifies its hehavior (say, by lowerng
price or expunding capacity) in order to deter entry; if prices arc
lowered, then we say that the incumbent exercises fmit pricing.

Accommedated enfry- Entry occurs, and the incumbent irm modifies
its action to take into sccount of eobry that occers,

Thus, blockaded entry corresponds to what we called entry barnier o
section 8., where we discussed several condilions yielding entry burriers
olher than the behavior of ineumbent firms. In contrasl, we reler to cntry
deterrence and entry accommodatipn as aclions teken by incumbent
firms when laced with a threat of entry.

Earlier authors hield that an incumbent frm may be able to deter en-
try by overproducing and sclling at lower prces prior b the date ab which
enlry is expected. Thess types of models Telied on the Bain-Sylos pos-
tulate, under which the prospective entrant was assumed to believe that
the eatablished frm would mainlain the same output after entry thot it
did before entry. Then Lhe established frm naturally acguired a lead-
ership role as described in the Lesader-Follower model (section 6.2). In
addition, some of the earlier models assumed that entranls have to sink
{nutput-independenl) costs in order Lo begin their operation, whereas
incumbents do not.

Presently, most economists distegard these argnments for the follow-
ing reasoms: First, note that this et esymmetry could be reversed,
considering the fact that esteblished frms may bave Lo pay some cosis
that the entrant doss not have to bear. For example, established firma
may operate according to long-lerm contracts. Mosk nolebly, wage con-
tractees and nnions are hard to negotiate willy, and the downward ad-
justrment of wages necded to meet Lhe competition with the enirant
would invoke tough resistance from workers mmd wnions. Yet in some
instances, the polential entrant s free Lo choose workers and can decide
o wages withont having any prior obligation. The same axgument holds
[or subcontracting and binding contracts with suppliers of raw material
and parls. In addition, assuming ssymmetric cost structure turng Lhe
problem of ¢ntry deterrence into an ad hec problem since there always
cxists u level of entry cost that would prevent frms from entering Lhe
market. Morcover, even if the above asymmetry holds true in reality, it
is likcly that in the lJong run the entrant wotld be able to collect a Ligh
enough {duopoly} profit to more then cover the cntry cost. In eddilion,
banks observing that the enlering firm wonld meke such a profit would
be willing te lend ihe entrant the entry cost since the frm would be abile
to pay back the laan (and inleresl} with its future profils.

Second, Friedman (1979) and Dixit {1980} gquesiion the validity of
the Buin-Sylas postulate by raising some doubt regarding the logic be-
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hind the sbowve entry-deterrence argument. They point out that the
pretnlry price choice {or quantity in gur case) ol the established firm
is Trrelevant for the entry decision of the potenlial enirant. The only
thing that should matler to the polential entrant is whal the postentry
market stmucture would be. After enlry occurs and the enlry cost is
already paid, there is no renson to assume that the firms wonld play the
Leader-Follower game. It would be more rensonable to asseme that the
frms would play Cournot or Bertrand where the firms hiave cqual power
and knowledge. Now, given that the entrant knows that (he market
structure would chenge efler enlry occurs, all the frst-period cntry-
delerrence strategies {limit pricing} or overproduction ure imelevani to
the postentry prefits collected Ly all lrms. Third, in modeling entry
deterrence it is not clear why one Erm gets to be the first to choose and
commit itsell to a certain prodoction level, thereby oblaintng what is
commonly called a first-rnover edvaniage?

The approach to modeling entry delerrence based on the Bain-Sylos
poslulate is given in subsection 8.4.1, where we skeich an anelog to
Spence (1977) and demonstrate that entry can be delerred if an incum-
beni frm builds an frreversible copecity prior to the period when entry Is
allowsd, =0 that a polential entrent faces a saturated market if it decides
te enter. Subssction 8.4.2 reloxes the Bain-Sylas postulate and aswsumes
that the incumbent is aware of the poasibility that the enirant may fod
it profitable to alter ita aclions after entry occurs.

Subsection 8.4.3 {Investment in capital replacement) intraduces & dy-
namic entry-deterrence mode] showing how in the face of cotry threats
an incnmbent with deprecinting capital 15 lorced to invest more e-
quently than what is needed to simply replace depreciaied capital. Sul-
section 8.4.4 {Judo economics) Focuses on the strategic choices of a po-
tential entrant when an incumbent firrn may find it more profilelde to
allow a small-scsle entry rather than fghting it. Subsection 8.4.5 (Cred-
ible spatial preemption) analyzes an incumbent differentiated-good pro-
ducer facing entry in one of its mackels. We conclude our analysia of
entry barriers will subseciion 8.4.6, where we demonstrate that limit
pricing can scrve a8 an enbry-detertng strategy when the entrant does
not know the produetion cost of the incumbent.

B.4.1 Capacily commitment nnder the Bain-Sylos pestulate

Earlicr models analyzing entry deterrence adopled Lhe Bain-Sylos pas-
tulute, nnder which the prospecilve enlranl was assumed Lo believe Lhat
the incumbent firm would maintain the same ontput after entry as be-
fare. Spence {(1977) explicitly distinguishes between eapacity and quan-
tity produced. Im lis model, the quantity produced is consirained hy
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the amount of capacity Arm 1 invests in the first period. Thus, as long
85 enlry does not occur, the copacity is underuiilized. However, in the
event of & threal of entry, the incumbent can expand its output level
and use all Lthe capacity, thersby reducing the price to the level that
makes enlry unprofitable. In this subscstion we refrain [rom inaking Lhe
distinction between capecity ood cutput level and concenlrate on ana-
lyzing how the incumbent determines bow much cepital to invest under
the Lhreat ol entry.

Consider Lha two-period Leader-Follower game described in section
4.2, However, instend of assuming Lhat frms decide how much Lo pro-
duce, let us assume that the firms' actions ore confined to how mucl
capacity {or capilel) to accummlote (invest). Although this distinction
iz only a sementic one, it makes our story semewhal more convincing
since capacity bears the sense of irreversibility [one Is unable to discard
it and te collect Lhe eosts alrcady paid}, thereby making capacity accu-
mulation o eredible stralegic variable. Thus, in period 1, Grm 1 has to
choose its capaciby-oubpul Investment, k) £ [0, 00); in pened 2, ficn 2
chomses whether to enter (choosing k2 > 0) or Lo stay oul (ke = 0.

We nssume that the Arms are identical in oll respests, except that Lhe
potential entrant (fiom 23 has to pay an enlry cast. Such costs include
an inveslment In new cquipment, paymenta to lobbyists [or facilitating
Lhe industry's control regulalions, and so on. We denote the entry cosl
by E, E = 0. To complelely describe the game, we deline the profit of
the firms feollected at the end of the second period) to be:

ik, b2} = kafl — i = kz) and (8.16)
w2 { 0BT L

We solve this game backwards by frst anolyzing the last pereod,
given the action Leken in the preceding pericd.

The second period

In the second period, firm 2 lakes &y = k; a5 given and chooses kg to
maximize ils profit given in [8.16). There can be lwo cases: Firm 2
cnters and pays the entry cast E, or it docs nob enter. Suppose lor a
moment that i€ enters. Then, firm 2 chooses by to salisly

_BWZ(EI:R'Z}_ 31 _T. _I_—Jl_ﬂl
0= —F =t =1-2k — k1, lence by = —5—. (8.17)
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Substituting inlo the profit function of firm 2 (8.16), we have il thai il
firm 2 enters, then

whirh is grester Lhan zero if and only il &y < 1 = 2/E.
We summarize the analysis [or the seeond pericd by the best-response
fmnction of frm 2:

ko = Rl E) = { 1h ik <1-2/E (3.18)

1] otheraise.

The first period

In the frst period frm 1 has to sel &y knowing how it will offect the-
capacity choice of firm 2. That is, Brm 1 calculates (3.18). Firm 1 also
knows that the best-response function of Armo 2 13 disconlinuous when
it sets ky = 1 — 24/F. Tlms, firm 1 would take into consideration that
amall changes in ils capocity around & = 1 — 2+/E may induce firm 2
to alter its entry decizion.

Wilh this discontinuity in mind, vur search for the profit-maximizing
strategy for firm 1 would involve comparing the profit of firm 1 when
firm 2 enters (the leader*s profil level, denoted by ) with the profit of
firm 1 when firm 2 docs not enter (the mencpoly probil level, denoted
by «7"). Formally, these profit levels are given by

w=b (1o - 128~ (151 s —mG- k)

{8.19)
Thus, lor a miven &, the monopoly’s profit level 15 bwice the leader’s
profit levels in the present formuleiion. The two profit fuoctions arc
drawn in Figure 8.4. In Figurc 8.4, the upper bell-shaped curves are the
incumbent’s monopely profit {when entry does not oeeur). The lower
Lell-sliaped curves are the leader's profit level {when enlry occurs). Also,
the entry-deterring capacity level of Arm 1 {given by &; =1 — 2/F)
is moarked by Lhe verlical solid hine with a rightward polnting arrow,
indicating that for &) = 1 — 2+/E frm 1 is a monepoly (hence the upper
bell-shaped prafit curves apply )
Fipgure 8.4 15 divided into three parts, indicating how Brm 1 reacts
[or different levels of Arm 2's entry cost.

1. Blockaded entry: This case 1s not displayed in Figure 3.4 but ap-
plies when 1—2vE « 1/2 (high enlry cost}). In Lhis case, choosing
Lhe monopoly capacily level is sulficient {or deterring entry. That

o
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Figure 8.4: Incumbent’s profit levels and caparcity choices for difierent
levels of entry caat.

ig, when the entry cost 15 high, firm 2 will not enter when firm 1
plays ils monopaly capacity level. Thus, substituting fz = 0 intoa
{8.16), firm 1 chooses k) lo maximize its monopoly profit. The
firgt-order condilion salisfcs

fry (R, 0)
=————=1-12§.
0 ik, :
Henee, k; = 1/2. Now, for having this output level delerring the
entry of firm 2, (.18} implies that & has to satisfy k; = 1/2 =
1— 2+/E, implying thet E > 1/16 = 0.0625.

2. Indifference hefwesn delervence and aocommodation: We need to
find the magnitude of the entry cosl parameier E Lthal would make
Arm 1 indiffcrent to whether il chooses Lo set &y = 1—2+/F to deler
crbry or to sel &) = 1/2 and accommesdate entry (it is clear that
k; = 1/2is the profit-mucdmizing capacity under monopely as well
s when entry oceurs, since both profit curves peak st &, = 1/2)

Thus, we need to compare Lhe leader’s profit level under & = 1/2
when cnbry coccurs given in {8.19) to the profit level when firm 1
deters enloy by setting & =1 — 2/E, dencted by . Hence,

ﬂf=(1—2«.fﬁ]zv’_=l=w;.

s (8.20}
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Thus, we need to solve 4E — 2+/E 4 1/8 = 0, yiclding

16 — 162 — 2 x 32
VE =
64

7 0.07322,

implying thet E = Q_00538.

3. Entry deterrence: From case 2 and case 3 of Figure 8.4, we have it
Lthat entry deterrence is profitable for irm 1 when Lhe entry cost
is At an inlermediate level. That is, when 0.00536 < E < 0.0625.

4. Eniry accommadation: When the cotry cost ia very low, Frm L
would have te increase &) Lo a very high level in order to deter
cotry. Case 4 of Figure 8.4 shows thet if £ < 0.00536, deterring
entry i= not profitable, and that entry accommodation yields a
higher profii level for Arm 1.

8.4.2 Helaxing the Bain-Sylos postulate

So far, our anelysis has relied on the Bain-Sylos pastulate, under which
the potential entrant is pasumed to helieve that Lhe incurmbent frm will
maintain Lhe same action after enlry s before. Thus, under Lhis pos-
Lulate, the potential entrant is assumned Lo believe that upon cotry, the
incumbent will utilize its entire capacity to produce the highest possible
output level in order to make cnbry unprofitable for the cntraol. In Uis
section, [ollowing Dixit 1930, we demonstrale thal such an assumption
1a inconsisten! wilh a strategic behavior under a subgame perfect equi-
librium {Definition 2.10 on page 27). More precisely, we demonstrate
that under & subgames perfeck equilibriom, the incumbent Arn will nat
find it profiteble Lo ulilize its entire capacily even when cntry doss oc-
cur- Thus, 2 metional potential entrent should be able to predict that o
profit-maximizing Incumbent will not find il proftable to utilize all ils
entire eapurity. Therefore, we show that in a subgame pedfect cquilib-
rium, & profit-maimizing incumbent will not imvest in excess capacity
for the purposc of enlry deterrence, In other words, overaccumulation
of capacily will not occur.

Consider the following two-slage game. In the firsl stege firm 1 (in-
cumbent) choases & capacity level k thal would enable irm 1 to produce
without cost g £ & unils of output in the second stage of the game.
If, however, the incumbent chooses Lo expand capacity beyond E in the
seeond stage, then the incumbent incurs & unit cosl of ¢ per cach unil
of cutpul exceeding k. Figure 8.5 llustrates the moarginel-cost function
faring the incumbent in the second stage of the gume.

Intuitively spesldng, we can say thet any amount produced sbove
the hrm's capacity will require special inputs thal are costly to the firm

A ull
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Figure 8.5 Capacity accumulation and marginal cost

when purchased at the last mioute. Finally, to malke our srpument
even stronger, we assume Lhal capacity accumulation in the frst stage

is costless to the incumbent.

The entrant is assnmed to make itz entry decision in the second stage
of lhe pame. More precisely, in the second stage, both firms jointly
choose their output levels and play o Coumnot game (see section 6.1).
We pasume that frm 2 does not have any capacity and Lhus bears a unit
cosk of ¢, which is the same unit cost of the intumbent for producing
beyond its capacity. If firm 2 chonses gq = 0, we say (hai eniry does not
oecur. The parne ia llustrated in Figure 8.6.

I. Incumbent moves

k

1I. Entrant moves

ENTER STAY-OUT

Monopoly Outcome

[Gournot, Game |

Figure 3.6: Relmang the Bain-Syloa poatulsie

We now turm to Lhe second stage after irm 1 has chosen ils irrevo-
cable capocity level given by k. Figure 8.7 illustrates Cournot ontput
best-responss functions for three given choices of & by firm 1 in the first
slage. The beat-responss functions drawn in Figure 8.7 are derived in
the spme way ns that under the conventional Cournol, markel strictore,
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Figure 8.7: Besi-response functions wilh fxed capacity: Lefl: low ca-
pacity; Middle: medinm capacity; Rtight: High capacity

{see section 6.1, in parlicalar Figure 6.1 on page 100}, The only dil-
Ference between Lhe present case and the conventional Coumneot case Is
Lhat the inenmbent's best-response funstion s disgconlinuous at an oul-
put level g, = %, reflecting a jump in the unii cost associated with a
production level beyond the firm’s planned capaciby.

Figure 5.7 has thres drawings associated with having the incumbent
investing in low, medium, and high saparity in the frst period, thereby
determining threc Cournot equihibria denoled by Ep, E5, and Es, 1=
spectively. The mosi imporlant observalion coming from Figure 8.7 is
that the equilibriurmn marked by E5 is identical Lo the equilibrium marked
by Ey, despite ilie fact that Ej is associated with a higher capacity level
invested in by firm 1 in Lhe first stage, This proves our main proposition.

Proposition 8.7 The incumbent eannot deter entry by investing in a
large capacify. More genernlly, invesiing in exdess capacily cannol serve
as o toel for deterring entry.

More interestingly, in our example the Gral-period cost of capital (capac-
ity) is zero. Despite that cost, Arm 1 cannot benefit by invesiing in ks
units of capilal since alter enkry ocgury, the incumbent's best responsc
is to produce ¢ = k2 < ky. Thal is, the entrant can calculate that in
the subgame of Lhe second period, in o Coumat equilibrium, frm 1 will
limit ils produclion for the same reason Lhal zny frm limits its produc-
tion under a Cournot markel slructure (preventing a price fall} and will
therefore enter.

The main message conveyed by Proposition 8.7 Is thal investing in
excesa capilal cannot provide the incumbent with a credible threat by
which convince the poleniial entrant that enkry i3 unprofifable. Thus,
the Bain-Sylos postulate impodes an unrealistic belief on the potential
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entrant, namely, the belief thai the incumbent will utilizc all its capaciby
after enlty occurs, despite the [act that this action does not meximize
the incumbent’s profit.

#.4.3 Investment in capital replacement

So Iar we have assumed that investmenl in capacity is sufficient to pro-
duce outpul [or the desired period of production. However, plants and
equipment arc of Rnite duration. If investmeni in capital deters en-
try, then entry i3 unavoidable il capital deprociates and the incumbend
does not invest in capital replacement. In whel follows we conslruct a
discrote-time version of the analysis found in Eaton and Lipssy 1980,
and investigale how the threat of cnbry affects the frequency of capilal
inveslment by an incumbent Airm in the presence of depreciating capital.

{Clonsider an industry with lwo firms, frm 1 {incumbent) and firm 2
{potential entrant). Each firm can produce only if it hes capital. The
profit of each Arm 1s as follows. If only Grm 1 has capital in a certain
period, then Arm 1 earns a monopely profit, given by H, in this par-
ticular period. If both frms have eapilel in a certain period, then cach
earns a duapoly profit, given by L, in this pericd.

Suppose that In cach period &, £ =0,1,2,..., each frm can invest
%F in capital with fnite duralion, and that during the time period(s}
of this eapital, the frm con produce any smount of & homogeneous
product. We denote the action telen by firm ¢ in period ¢ by ﬂi where
ol € {INV, NI} (Invest or Not Invest), Figure 8.8 iustrates the time
path and the timing of aclions taken by the lwo Rrms,

INV TNV NI INV NI INV NI

=4 EAVARAVARAV/
{Incumhbent)
1t -

| |
-1 0 1 2

(Potential
entranl )

]

as =

‘ INV NI INV NI INV NI
Fipnre §.8: Capital replacement and entry deterrence

In Figure 8.3, irm 1 {the incumbent} is assumed to invest in capital
in period $ = —1, und Lhen Lhe gaine starts atb ¢ = 0, where both Arms can
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invest In eapital in any period £ =0,1,2,3... . We make the [ollowing
assumption on the parameters of the model:

AssumpTION B.1

4. Capital Tasts for cxactly fwe perivds enly. At the end of the second
period the eapilal complefely disintegrafes, cannol be resold, ond
by 1 sevap value of zero.

B, The duopoly profil is insufficient 1o susiaf boo firmes in e indws-
iry, whereas the monepoly profit level 15 sufficiently Righ relative
to the capital invesiment cost. Formally, 2L < F < [T,

Assumption 8.1 implics that il frm 1 invests in sapital in period 1, then
using this capilal the finn can produce in periods t and ¢ 4 1 where the
capital completely disntegrobes at the end of the secoml perad alter
production iz undertaken.

The game proceeds as followa: In perfod 9, if firm 2 {potential en-
Lranl} invests in capital, then each firm carns L in period 0. INfirm 2 does
not enter [does nat invest in eapital), then firm 1 sams A in period 0

Tet 0 < p < 1 denote the disconnt parameler, and asswne that each
firm maximizes the sum of its discounted profit given by

I = Zp" [Ri—Cl],

=1

where £ = & il only firm i has capital in period ¢, and B = L if Lioth

firms have capital in period {; and CF = F If [inn ¢ invests in capiial in

period ¢, and ©F = 0if no investment is undertaken by firm £ in periad &
Cur purpose is to demonstrate the [ollowing:

Proposition 8.8 Under Assumplion 8.1-

1. If firm 2 is nof allowed to enfer, then firm 1 dnvesls in opital in
otld periods only- That s,

L[ INV fort=1,3,5,...
WEY NI fort=10,2,4,6....

2 ff irm £ s allowed to enter, and if the iime discount parameier is
sufficiently wmnuall and sofizfies

F F_TL
— e 21
g <y {821}
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then the followdng sirategies conutitule o subgume perferd equilib-
riumn {Definition 2,10} for this gamc:

?::ljzl:llz:l i?éj, t=ﬂ71,2..._

{8.22)
Henee, in this equtlibrivm enbry s deterred by faving firm { {in-
cumbenl) investing in each peried

g | WV ifal ;=NI
ET 1 N nthemoize

Proof. We look al equilibrium siralegies where rm 1 invesis in every ¢
and firm 2 docs not imvest.

I'irst, observe thal since Hrm 1 invests al & and siill has capacity
al ¢+ 1, IF firm 2 devintes ond iovests at 2, it will carn L — Flacd, L— F
al £+ 1, and I — F in each period thereafler. Firm 2 will nol deviaze,
i.e., will nol invest at £, if

H-F
1—p

< nrpz-r:F L

I =(14+pHL-F)+p° H:L_

Secondly, il lirm 1 deviates, i.e., ceases investing at ¢ — 1, then il has
no capacity ik ¢ and Arm 2 will varo I — F al & Teoce, frm 2 will
enter.

Thirdly, if Arm 1 atops investiog al ¢ — 1, it will earn & profit of I
in period ¢ — I and zero therealler. Thus, in order [or having firm 1
engazing in continyous investment, it st be that

g =f . F
1_p "7 g

Therelore, the strategies specified in (8.22) conslitute a Nash equilibrium
when comdilion {(5.21} Lolda. ]
Proposition 8.5 conveys the very idea that in order o deter enbey
the iocumbenl st carry oul & costly aclivity, which is investing in
exira capital {capital that is not necded for production purposes). This
tden was sugpested earlier by Schelling (19603, where he argued that in
games involving such conficks, a threak that is cnstly boe carry oot ean
be marde credilide by enlering into an advenced commilment. Thal is,
we showed Lhal despite the [act thab capital lasts for two periods, an
incumbent monopoly muost invest in each period in order Lo make eniry
unprofilable {or polential entrants. Il the incumbent neglects to invest in
cven one period, the entrant, can credibly cause Lhe exil of the mewmbent
by invesiing in capilal. Thos, the [act that capilal lasts [or more than
one period makes investing in capital a credilde entry-determning strategy
beczmse L ensires Lhe existence of a A in a subsequent period.

LB B B [ o
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8.4.4 Jude economics

Sa lar, our discussion of entry deterrence has [ocosed maioly oo the
incumbent Arms. In this subsection, w¢ analyze the strategic options
available to the potential entrant prior Lo the time of enlry into the
indusiry. In particular, we analyze the cotrant’s choice of capacity when
lacing 2 large dominant incumbent Brm that has the option to expand
cupacity and deter enbry. 'We show Lhal the polantial enirant may profit
by adopting o strategy of juds ecomomics (Golman and Salop 1953),
which refers Lo having Lhe enlrant, invest in only limited capacily-—which
would restrict the entrant’s scale of entry and therefore its market share.
We show that when the potential entranl imiks its eaparciby sufficiently,
it 13 the Incumbent's best inlerest to accommodate enlry rather than to
fight it.

Consider a two-stage game in which in the first stage a potentially
entering firm chooses: (u) whetlier to enter, (b) Iis capacity {maximim
oulpat) level, dencted by k& and, () its price, denoted by p°. In Lhe
sccond slage, the incumbent firm chooses its price, denoted by 7. We
pmasume Lhal the ineumnbenl frm is large in the sense Lhal il has an
nolimited capacity. Assume that production is castless and that the
firm= produce u homogeneous produet for a single markel with a demand
curve given by p = 100 — . Alse, assume that all consumers preler the
less expensive hrand; however, consnmers prefer the incombent’s brand
at equal prices. Formeally, lel ¢ denole the quantity demanded from Lhe
incumhent firm ond g% denote the quantity demanded from the enlrant
{if entering}). Then, for & given aulliciently low capacity invesied by Lhe
enlrant, &, the demand facing cach firm is given by

E ifp*<p
and 4" = { 0 ifpf =l
(8.23)
That i3, after the entrant sels p&, the Incumbenl can always undercal
the entrant by setiing p! = p°. However, il the incumbent sets a price
shghtly above the cntrant’s price, the entrant pets Lo =ell the Arat &
unita and L]ite.u the Incumbenl faces the residual demand given by ¢! =
00—k —-p'.

Suppose now that in the first stage the cotrant cnters ond scts a
copacity & and a price p®. Then, in the second stape, the Incumbent
can delar eniry by seliing p! = p° or accommodate entry by seliing
pf = p° If cntry is deterred, then the ingnmbent's profit is miven by
5 = p*{100 — p°). In contrast, if the incumbent aceommodales entry,

ilien ihe inewnbeni’s profil is w% = p' (100 — & — p'). Thus, under entry

;[ 1o0—pf ifp’ g
T=Y 100-k—p ifpf>p°
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accommodation, the incumbent chooses p¥ > p* to

max w = pf (100 — k — p'),
plope

yielding & frst-order condition given by 0 = 100 — &k — 2. Therefore,
vy = (100 - k)/2, hence gf, = (100 — k)/2 and =, = {100— k)% /4. Cow-
paring the Incomhbent’™s enlry-deterring profil level to ils profit undor
entry aceommedation yields that

{100 — k}*
wh = wl, and —1

> p* {100 — p*). {8.24)
Under entry accommodation, the entranl earns o = p*k 3= 0,

We now burn teo the Brst atage, where the entrant sats ifs capacity
level and its price. Figure 8.9, derived from (3.24), illustrates the ranpe
of & and p* that would induce the incombent bo accommodale entry.

— 100

0 Accoeimdotes II:-.c —  |leler
Fipure §.9: Judo economics: [How an entrant secures enbry accommoda-
Licn

Figure 8.9 demonstrates that for 2 sufliciently low p®, there always
exisis & small enough to induce the incumbent fo accommodate enlcy
according to the condilion given in {8.24). More precisely, when the en-
irand reduces Wl price p©, the horizontal Bine converges te the honzonlal
axis thereby increasing the arca in which the Incumlenl weeommaodates
the entry. Thus,

Propoaition 8.9 There erinl a suffiviently limiied eapoecity Jevel & and
& price p° agt by the entrant that ensure thet the incumbeant will find o
profitable to aocommaodale tre entry.

The intuition behind thiz resalt % as ollows. When the incumbent
accommodates the entrant il does nol mateh the entrant’s price, but

e
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rather maintains an “umbrella” under which the enlrant can prosper as
long as it remeins satishied with its modest market share. In thie case,
the incumbent can maintein a higher price then the sntrant and skl
sl since the entrant hes a limited copacity thal leaves a suffciently
profitable market share to the inenmbent. Thus, when the eaotroot sels
& sufficienlly low capacity and price, entry deterrence {(setting pltoa
very low level) yields a lower prefit than entry accommodalion to the
Ineumbent Brm,

The mode] presented in thia subsection applies only to those situa-
tions in which the enlrant can meks credible capacity-limitotion com-
milments. Such credibility can be enhanced by the use of contracts.
For example, entry accommodation is sometimes observed in the air-
line industry, where large, established airline irms accommodate small
carriers on some rouke after observing that the entrent purchased a lim-
ited number of airport gates, & hmited aircraft feet, and low—capacily
gircrafl. O course, as happens from time Lo time, some of these small
entrants grow Lo beenme major cartiers-

8.4.5 Credible spatisl preemption

Our entry-delerrence enelysis has concentrated so [ar on entry in a sin-
gle marlet for & homogeneous product. In reality, firms produce dil-
[erentieted, suhgtitutable brands, so entry is likely to cruse a head-to-
head competition only on & suhset of the incumbenl's already produced
brands. For example, in the airline industry where & monopely airline
is threatened by entry, it is likely to occur on a subset of the roubes
cperated by the incumbent airline. The question ratsed in Judd 1985 is
how wounld the incymbent frm reack to partial entry, when entry into
one market would afect the demand in a market lor & aubstitute pood,
hence Lhe incumbent's profit from Lhe subslitute good?

We domonstrate this entry problem by considering a monopoly frm
(firm 1) which owns two restauranis, one Chiness (denoted by C) and
cne Japanese (denoted by J). Suppose thet there are two consumers
in town who are slightly differentiated with respect Lo the ulility the
receive from Chinese and Japanese [ood. Mere precisely, the utility of
the consumer who is oriented toward Chinese Iood (7€) and the utility
of Lhe consumer who is oriented toward Jepanese food (&) ore given
by

e I il eats Chinese [ood
vr= { #=x~p’ il eals Japanese food (8.25)

pr=] =4 —p% il eats Chinese lood
| f-p il eata Japaness [bod

where 3 roflects the satisfaction [rom eating, and ) = 0 denotes the alight,
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dizutiliby a consumer has from buying his less preferred lood. We esaume
thet A < A < 2}, and normalize Lhe restanrants’ costs of operation to
ZETO.

Suppase first that both restaurants are owned by a single firm (fino 1).
Then, (8.25) implies that the monepoly cwner would charge prices p© =
7! = A in each restoarant, and the monopoly’s total profit would be
=24,

Entry into the markel for Chinese food

Suppose thal a new restaurant {firm 2) wilh a different owner opens a
new Chinese restaurant that secrves [ood idcentical to the already exisi-
ing Chinese restanrant owned by the monopoly. Assuming price com-
petilion, we sce the price of Chinese lood drep Lo zero (the assumed
unit-preduction cast). Thus, pf = pf = 0. How would entry into the
Chincse food market affect the price of a Japaness dinner? Well, clearly
il the monopoly does reduce its price of a Chinese dinner to zero, all con-
gumers neludmg the one orjented Loward Japanese [ood wonld purchase
only Chincse lood. Thercfore, the moaximuem price the monopoly could
charge for a Jupansse dinner would be p? = A. Clearly, for this price
the consumer oriented toward Japanese [ood would purchase Japanese
JIINees

I =f-p=B-Ar>8-2-p°=0U"(CL

That is, ab g7 = X the Japanese-food-orented consumer is indiRerent to
whether be or she buys Japanese (gaining a utility of ¥ { 1)) or Chinese
{grining UJ{G}}. In this case the profit earned by the monopoly ofter
the entry into the Chinese-food markel ocewrs 13 oy == X,

Ineumbent withdraws from he Chinese restaurant

Now supposc thob firm 1 (the initial monopoly on orientel feod) shuls
down its Chinese restaurant and lkeeps only the Japancse restaurant.
In this event, alter entry ocenrs, Lhere are lwo restaurents, one serving
Chinese [ood and the other serving Japancse [ood. Thus, the markel
gtruciure s now a duopely willi firma aelling differenliated products.

Lemma B.1 The vnique dvopoly price gome between Hie Chinese and
the Japaneae reslauronis resulls in the sonsumer orienled toward Japanese
Jood buring from the Japanese restaurant, the consumer oriended foward
Chinese food buying from the Chinese resiowmant, and equilibrivm prices
qiven by pf =95 = {3,

Proof. We have bo show that no rostaurant can increase ils profii by
undercutting the price of the compeling restanrant. If the Japancess
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restaurant wonld like to abiract the consumer oriented towand Chinese

food it has to set p7 = 5€ — A = #— A. In this case, 2 = 2(f ~ A).

However, when it does not undercut, wa = 8 > 2(f— A} since we assumed

thet J < 2)\. A similar argnment reveals why the Chinese restaurant

would not undereut the Japanese regtaunrant. ||
We can now state our major proposition-

Proposition 8.10 When foced with enfry inlo e Chinese restaurant’s
markel, the ircombent monopely firm weuld mazimize its profit by om-
pletely unathdmuing from the Chinese restaurent’s marketl.

Proof. The probt of the inenmbent when 1t operates the bwo pestan-
rants after the enlry oecurs is w; = A If the incnmbent withdrows
from the Chinese restaurant and operates only the Japanese restavrants,
Lemma B.1 implies thal 7, = F = A ]

The intuition behind Proposition 8.10 is as follows, When sntry nc-
curs in one market, the price (alls to unit cost. Given the reduction in
Lthis price, consumers buying a substitute good (Japancse food) would
switch to buying Chinese food. Hence, the incumbent would have to re-
duce Lhe price in ils other murket despite the lact that no enlry oocurred
in the cther market. Consequently, the incumbent would suffer a profit
reduction in both markets. To avold the latter, the incumbent would
benefit from withdrawing and letling the entrant charge a higher price in
the competing market. This wouwld enable the incumbent. Lo maintein the
monopoly price in the remaining moncpelized market {Japancse food).
Thus, by withdrawing from competilion, the incombent diferentiates
ilsell from the enbrank, so both frms could mointain a high price.

8.44 Limit pricing as cost signaling

Friedman’s argument concerning the irrelevance of limit pricing raises
the guestion whether incumbent firms would cver find it usefol lo ex-
crcise Imit pricing during the preentry penod. Milgrom and Roberts
{1932} came up with an argument that limit pricing (or, expanded ca-
pacity or quantity produeed) ean serve ms a cost-signaling device to the
potential entrant whe may oot know the cosl struciure of the incombent
firm. We discuss here a simplified version of their model.

Demand, firms, and liming

There o two periods denoted by £ = 1, 2. The market demuend curve in
each period ia given by p = 10— @, where @ is the aggregale amount sold
to consumers. Firm 1 is Lhe incwmbent and has to choose an output level
in period 1 denoted by gf. Firm 2 does oot exisl in ¢ = 1 and choosos
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whether {or not) to enter only in the second period. Thus, firm 1 carna
profits in the preentry perind (¢ =1) and in ¢ = 2.

What about the oulput levels in the second period? Following Fried-
man's argument, we assumc the following:

ASSUMPTION A.2 In the second peried (L = 2), if enbry occurs, then both
firms play the Tournol gome. Jf entry does not ocour af £ = 2, firm 1
produces the monopaly cutpuf level

This essumption highlights Friedman's arpument in the sense thet the
inenmbent’s action at £ = 1 bes no influence on the market structure
at { = 2, and therefore, we assume the most commonly used metkel
structure fior ¢+ = 2, which is Cournet il entry occurs and monopoly in
the case of no antry.

Cast and information

Firm 2's unil-preduction cost is given by ¢z = 1. In addition, firm 2 hes
to pay an entry cost of Fz = 9 if it enters ak ¢ = 2. The cast structure
of frm 2 is amumed to be common knowledge.

In contrast, the cost struclure of firm 1 (the incumbent) is lmown
pnly to irm 1. The potential enlranl does not exactly ¥mow the cost
slructnre of the incumbent, but it knows the probebilily divtribution of
cost functions. Formally, itm 2 loows that the woil eost of firm 1
sabisfes:

4 with probability 0.5. (8.26)

That is, irm 2 bases its decisions on the assymption that with 50%
probability the incumbent 4w low-cost firm (¢, = 0), and with & 50%
probability the incumbent is & high-cost Brm (e; = 4).

o — { 0 with probability 0.5
L=

Profits

The ineumbent colleets profits in periods 1 ond 2 and maximizes the
gum ol the two periods’ profits. The entrant collects profit anly in Lhe
second peripd. In zection 6.1, yon heve leamed how to caleulate the
Cournot profil levels, so we avold performing these simple caleulalions,
These profit calenlabions ere summarived in Table 8.2,

The fwo-period game

In the precntry era (period 1) frm 1 chooses its output level ¢l. Thus,
the profit of Arm 1io ¢ = 1 18 (e, 1) = (10 — gl)ql — ey}

In period 2, firm 2 obscrves ¢} and decides whether or nol Lo en-
ter. Its decision is based on Lhe value of ¢! and on lhe estimated cost
abruetwere of firm 1, given in (9.26). Figure 8.10 illustrates this game.
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Incumbent's Firm 2 (potential entrant)
il ENTEL DO NOT ENTER
Low (e, =0} || =f{0) =13 «5{0}=—-19 [ a"(0)=2F m =0
High{e, = 4) nSid) =1 ag(d) =7 [ a4 =19 m =10

Table 8.2: Profil levels for £ = 2 (depemding on the entry decision of
firm 2} Note: All profits are functions of the cost of frm 1 {c ); # is
the monopoly profit of H]:m 1; 7 15 the Coumet profit of firm 7, i =1, 2.

! Cournat
| Firm 2 Fnters game

Firm | chooses g4
t 1

| | Doest mi——
=2

=1

» Tinnlis
o monopoly

Figure B.10: Two-period, signaling, entry-delerrence pame

Solving the gamc esswming ¢ figh-cost incumbent

Without any Further knowledge and assuming that finn 2 maximizes
expecled profit, we learn from (8.25} and ‘Table 8.2 that npon entry firm
2’z cxpected proft is

1. 1. 1 1
Exs = Ei‘l‘g(ﬂ] + sz{d} = 5{—1.9} + ET = 0,

hence, with no additional kvowledge, Grmm 2 wonld enter. Hut why
shouldn’t the incumbent always state that it is a low—coat Gon {raiber
than a high-eost firm)? Well, the incumbent can state whatover it wants,
but firm 2 has ne reason Lo believe (he incumbent's statements.

Hence, given that entry gcours and the firms play Cournot in & = 2,
the best firin 1 could do 13 Lo maximize the frst-period profit by playing
the monopoly™s oulput in ¢ = 1. That ia, Lo sel

g1(4) = 3 and thereflore earn (4} = =" (4) + 75(4) =9+ 1 = 10.
5.27)
Thus, il the incumbent. 15 a high-cost firm, it would not attempl to Dmik
its price and enlry will oceur.

8.4 Entry Deterrence 205

Soliing the game assuwming a fou-eost incumbent

Suppose that the incumbent {frm 1} is & low-cost frm (g = 0). Then,
il brmn 2 were to koow thal Grm 1 is & low-cost one, Table 8.2 shows
that it would not cnter since entry yields n5{0) < 0. Dut since firm 2
dos nob know for sure that frm 1 is & low-oost one, the incumbent
has the incentlive to reveal it to firm 2. The purpose of thizs mode] is
to demonstrate how limil priciog {or excesa produetion} can serve as e
means by which firm 1 can signal to firm 2 that it is a low-cost Rrm,
therchy convincing firm 2 thatk enbry Is not prolitable.

FProposition B.11 A low-ost incumbent would produce ¢} = 5.83, and
enitry will ot arcur int=2.

Skefch of Proof. In order for the incumbent bo convince firm 2 that it is
indeed a low-cost firm, it has to do scmething “heroic.” More precisely,
in order to convince the potential enlrant beyond ell dewbts that frm 1
is a low-ost ome, It bes Lo do something that a high-cost incumbent
would never do—namely, it has to praduee & hrat-period oulput level
that is not profitable for a high-cost incumbent!

Now, a high-cost ineumbenl would not produce gy = 5.83 since

9.00 = (10—5.83) ©5.83— 4 x 5.83+7"(4) < n"(4)+75(4} = 8+1 =10.

(8.28)
Thet is, & high-cost incumbent iz better off playing a monopoly in Lhe
frst period and [acing entry in Lhe seeond period Lhan playing g} = 5.83
in the At perod and facing no entry in ¢ = 2.

Finally, althouglh we showed that g} = 5.83 indecd transmits the
signal that the incumbent is a low-cast frm, why is g} = 5.83 the in-
cumbent's proft-meximizing output level, given that the monopoly’s
outpul level is much lower, g'{0) = 5. Clearly, the incumbent won'l
produce more than 5.83 since the profit is reduced {gels higher above
the monopoly output level). Also {8.28) shows that any output lovel
lower than 5.63 would induce entry, and given thaet entry occurs, the in-
cumbent iz best off playing monopoly in { = 1. Hence, we have Lo show
thal delerring enlry by producing g = 5.83 yields a higher profit than
eccommodating cntry and producing Lhe monopoly cuipul level gl =5
in £ = 1. That is,

m1{0)|g1=s = 2513 = 38 < 49.31 = (10-5.81)x5.83425 = 7, (0| 3 . a4

hence, a low-cost incumbent will oot allew entry and will not produce
¢! < 5.83. u
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8.4.7T Other entry-deterrence methods

The literalure on entry deterrence explores various enlry-deterring ac-
tions taken by incumbent frms {see survey articles by Neven [19849] and
Wilson [1992]). One passilile action reforred to s rairing o rival's cost is
unalyzed by Salop and Scheflinan (1933). They suggest that incurbent
firms mey possess a varicty of methods for reising the cost of entering
firms. For example, one way of doing that is for the incumbent frm
to sign high wage contracts, thereby mising the industry’s labor cost.
Another, is for the Incumbent to lobby for higher tax rates. As noted
earlier, potential entrants mey be immune frem these cntry-delerring
straiegies since they may not be subjected to binding (wage and other
cost) contracts. Note that in order for these actions Lo constitute entry-
deterring methods, one needs to show that the these methods do not
result in having the ingumbent going bookrupt.

Anather possible aclion anelyzed in Aghion and Bolton 1987 sug-
gesis Lhat incumbent firms rush to sign contrects with buyers in order
to preempt entry. Gallini (1984) suggests that an incumbent can min-
imize itz loss Lo firms producing potentislly more advanced brands by
simply licenaing their oomn glder technologics to potential antrauts. The
idea iz that without licensing, potentlsl entrants would develop supe-
rior technologies that would wipe out producers of older technologics.
Finally, Spiegel (1993} demonstrates that incumbent firms can deter en-
try by subcontracting with other incumbent frms producing competing
krands. Intuitively, il those hrms have diflercnt cost struclure, hofzon-
tal subcontracting reduces average costa of the incumbent firms, thereby
reducing the lhilkelihond that entry will ceeur.

Another way in which entry can be deterred is for the ineunbent
to deny access to a now lechnology by acquiring e patent right [or its
technology (see Gilbert and Newhery 1952). Finally, Scherer (1979 and
Schmalensce: {1978} analyze the FTC complaint that the four major ce-
real producers managed ta deter cotry by proliferating product varietics,
thereby leaving insnfficient rocom for the entry of new brands. Their
result stems from the assumption of thet the incumbent’s decision to
produce a brand is irreversible; however, subscction 8.4.5 demonstrates
that incumbents may be belter off Lo withdraw from the prodoction of
some brands in the presence of eotry rather than Gelting it.

8.5 Contestable Markets

Baumol, Panzar, and Willig {1882} proposed & market stroicture that
describes the behavior of incumbent firms constantly (eeed by threats
of entry: The main assomplion underlying this market sbructure is that
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entry does not require ooy sunk cost, Nate that with the absence of sunk
coub incumbent firms are subject to m hit-and-run entry, mesning that
potential entrants can costlessly enter and exit the industry without
bhaving to wmit until they penerate a sufficient amount of revenue Lo
recover Lhe sunk cosl of entry. Therelore, il incombent frms do not
have any cost advantage over potential entrants, a contestable market
equilibrivm will result in haviag an Incuwmbent firm making only normal
{zera} profit.

Assome that In 2 homogencous product industry there 1 one in-
cwmbent Brm facing entry by polential compelitors. Let all Arms have
identical and increasing relurns-to-scalc technologies summarized by the
cagt fanclion TC(g;) = F + oy, and prasome that 1he inverse ageregale
demand facing the industry is given by p = a — 2°.

DEFIITION B.1

1. An industry configuration is the mcumbent’s pair (p' g7} of
price charged and quantity produced.

2. An indusiry configumtion ia said fo be feasible if

fa} At the incumbent's price p', the quantity demanded equals the
incumbenl’s quentily supplied. That ia, ifp' = e —¢'.

(b} The incumbent makes o nonnagative profit. That is, pfg’ >
Fieg.

3. An indwsiry configuration {2 s0id {o be sustainable if no polentind
enfrant can make ¢ profil by undercufiing the incumbeni’s price.
That is, there does nol emisl a price p° salisfying p° < p’ end a
correspontding enlront’s aulpul leved ¢° salisfiing ¢° < a—p®, such
that g% = F'+ o

4. A feasible industry configuration s said to be a
contestable-markets equilibrium if it is suslainable.

Thus, an mdvstry eonfisuration is sustainable if no other frm could
make a strictly positive profit by sctting a lowsr or equal price while
producing no more than the quantity demanded by Lhe consumers.

A conlestahle-market equilibrdom ig illustraled in Figure 8.11, where
ihe price p! and guantily produced ¢! satisfy the consumers’ aggregate
demand curve and, in addition, lie on the ntumbenl’s aversge tolel-
caal funclion therely ensuring that the inecumbent does not Incur a loss.
Henee, this configuration is feasible.

Now, given that all firmms share the same cost structure, it s clear
that under the industry configuralion llustraled In Figore 8.11 no other
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. Figure 8.11: Contestable-markets cquilibrium

firm could lower the price and make o strictly positive profit. Hence,
this configuration 13 sustainable

It should be noted Lhat Lhe contestable market etructure can be uscd
to describe an industoy comprised of mmltiproduct frms, that is, hrms
producing a variely of dillerent products (see Baumol, Panzar, and
Willig 1982). Indeced, the advantage of using the contestable-markets
market streture 18 Lhat il ean be applied Lo more reslistic mduslties
where firms produce more than one product, especially since all other
market stoactures are defined for single-product firms that are mrely
obsarved.

The contestable-market equilibrium defined in Definition 8.1 relies
on the assnmption that irma do not incur any sunk cosl upon entry,
and thercfore can costlessly enter and exit the industry. This assump-
tion 19 problemabic sinee it 1% hard to imagine an industry where firms
do not have to sink any irrevocable investment prior to entry. That
iz, firma generally conduct a market survey, place advertisements, and
pay fees prior to entry, end these caaks are definilely sunk and cannol
he moovered, Morcowver, Stiglitz (1987} pointed out the significance of
this asmmumption by showing that if entrants [ace even tiny sunk costs
pricr to eotry, then the only subgame perfect equilibrium is en ineum-
hent charging n monopoly price and meking 2 monopoly prafit. In other
woris, although the contestable-merkel equilibrium yields a resull that
the incumbent makes zoro profit, Proposition 8.5 showed that introduc-
ing even tiny sunk cost wonld imply that m e zubgame perfect equilib-
rium of an entry-deterrance game, the incumbent meakes pure monopaoly
profit. Therefore, the sengtivity of the market outcome Lo the cxis
lence of even smell ennk cast 13 highly problematic becanse these Lo
madels have contradictory policy recomrmendations. On the one band,
contestable-market equilibrinm implies that no intervention 1s needed
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by the antitrust authorities since even a single firm would charge the go-
cially efficient, price. O the other hand, the intreduction of even g smal|
sunk costs Lurns our model inte a sustained monopoly, one which the
antitrust antherity would like to challenge. Finally, Schwartz {1986} has
ehown Lhal, despilo the assumed casy exit of potential entrants, hit and
tun entry iz unpraftable if Incombent's price responses are sufficiently
rapid.

8.6 Appendix: Merger and Antitrust Law

Section 7 of the Clayton Act (1914} states that

No person engaged in commeres or in any oclivity affecting
commerce shall amuire, direetly or indirecily, the whole or
any part of the stock or other shore capital...shall acquire Lhe
whole or any part of the assets of another person engrged also
in commerce or in any activily afecling commeree where In
any line of commeree in any secton of the country, the offect
of such acquisition may be subslantially Lo lessen competi-
tion, or to tend to create & monopoly.

Section 7 of the Clayton Act {(ameoded in 1950} was needed becouse
Sections 1 and 2 of the Shermen Aet (1890) were not sufficient to halt
mergers that would increase concentration and would reduce compeii-
tion. QI conrse a question remains ebout why an increase in congen-
tration would reduce compelilion and raise prices. This idea is built on
two premises: First, that collusion or tecit coordination is less likely Lo
sueceed in less concemtrated markets, where price cols are less likely to
be noticed by rival rms; and second, that antitrust should be viewed
as consumer protection and that consamers Lend to lose when faced by
monopoly sellers. The diseussion in this section is divided into two parts.
We first discuss the procedure by which the FT'C (Federal Trade Com-
mizsion) snd the DOJ {Depertment of Juslice) ean Intervene in order
to challenge a merger. Then, we procecd to the details, that the two
ppencies use to measure the effect of a merper. The interested reader
is referred to Asch 1983; Fisher 1987; Gellhorn 1986; Salop 18537 and
White 1987 for arther reading and more references.

8.6.1 Challenging a merger

The moniloring of merger activibies iz in the hands of the FT'CC and
the DO, The FTC issues guidelines to the D recommending what
types of mergers should be challenged. It is important to note that
these puidelines do oot copstitute s law, bat ralher recommendations

LB
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to Le THOJ for starling to take actions against undesired mergers. In
practice, firms with assets or sales in excess of $100 million must report
acemisitions of assets valued in excess of $15 million. A merger does
nol take place until the FT'C or the DL determines the comnpelition
effects of such an aequisition. With this procedure, very few coses are
broughl to courls since in most cases the FTC evalualion is sullicient
For providing the signals to (e acquiring Grm about whether it should
proceed witl the acquisition or call it off-

B.8.2 Merger puidelines

The purpose of horzenial werger guidelines is to doseribe the analytieal
process thak the agencics will employ to decide whellier Lo challenge a
merger; the guidelines are issued by We FTC and are suggestive rather
than definilive. Salop (1987) summarizes Bve erteria that characterize
thosc used by the FTC and the DO for evalualing a proposed merger:
{1) the seope of the markel upon which the merger may have anticom-
pelitive elfecis; (2) the effect on concentration; (3) e ease of eolry
jnto the market; (4) other faclors relaled (o the case of collusion in the
markei; and (5) efficiency gains (such as cost reduction} associated with
the merger.

In 1982, the Reapan administration came up with now merger poide-
lines (relensed in 1984 and modifird in 1992}, The scope of the relevant
market was defined in pries terms. Thal is, the relevant antitrust market
i5 delined as a set of producis and a geograplical area where Grms could
proftably raise pricea by al least 5% above the premerger price for al,
leasi, one year. These guidclines suggest thiat 3 merper should nod be
challenged if the postmerger Hedindahl-Hirshman coneentration index
Trpgr, defined by (8.2), saiisfes

1. Iy = 1000
2, 1000 < Fyg < 1800, and Afggy < 100;
3 Tyg > 1500, and Ad g < 510

Thus, a1 merger is more likely to be challenged when it resulls in a higher
concentration rakio and when il results oo more signaficant change in
concentration. Maore pricisely, at low poalmerger coneenlration levels, a
merper resulting in a chiange in the Tpgy of aless than 100 would ook be
challenged. Howover, ak o high postmerger fryp . 8 merger leading wo a
chanpgs of less Lhan 100 bul grealer thao 50 is likely to be challenged.
In Lhe above, Alny measurcs the difference in the Ty measure be-
[ore and after the proposed merger. For example, If firm 1, maintaining
a market share ¥, aod Oon 2, mainlaining a market share of 52, merge,
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then the market share of the newly merped firm is expected to be =5 +52-
In this case,

Alyn = (s1+ 52)° = [{(81)” + (82)°] = Zsy5a.

The higher the concentration is, the more likely merger is to he chal-
lenged even il the merger causes only a small increase In the depree of
concentration-

Several authors, for example Farrell and Shupiro (1960) and those
found in Vheir relerences, have criticized the use of the Iy g a5 & reliable
mensure of B merger-indvced chanpe in concentretion beceuse ik amumes
that the merged Brms mainlain the exacl sum of Lthe market chares the
merged fitms had prier ta the merger, However, it is likely that the sum
of Lhe market shares of the merged hrm would full after the merger in
the case where entry barriers do not prevail. '

Finally, in 1992 the DOJ and the FTC released modifed horizontal
merger guidelines (see, Department of Justice and Federal Trade Com-
missicn Horizontal Merger Guidelines, April 2, 1992). The releasce marks
the firat time Lhat the Lwo [ederal agencies that share antitmst enflorce-
ment jurisdiction bave issued joint guidclines. The new guidelines reflect
the experience of the DOJ and the FTC in applying the 1934 merger
guidehnes. The 1952 gnidelines modify the test [or identifying the rele-
vant merkst. The 1984 puideline hypothesized & unilorm price increase
to identily 1he matfed. Under the 1992 poidelines the price intrease is
not necessarily uniform, Instead, the new guidelines assume Lhat a hy-
pothetical menopolist mey inerease prices for some localilies more than
for others.

Similar ta the 1984 puidelines, a post merger concentration level of
T < 1000 clessifes Lhe merkel in the region es uneoncentrated. A
pask merger concentration of 1000 < fgx < 1800 is regarded as mod-
erately concentrated. Merpers producing Afg g > 100 raise rignificant
competitive concerns depending on the fectors set forth in Soctions 2-5
of the 1992 guidelines. Past merger concentration level Igg = 1800 15
regarded as highly concentrated. Mergera yielding a change in concentra~
tion 50 < Afgy < 100 raise significant competitive concerns depending
on the factors sel [orth in Sections 2-5 of the 1992 poidelines. Mergers
vielding Afpy g > 100 are regarded as likely to ereake or enhance market
power or [acililate its exereise. Thiv presumption may he overcome by
showing thaf the [actors sel forth in Sections 2-5 of the 1992 guidelines
make it unlikely that the merger will enhance market power,

Sections 2-5 consider polential adverse compelitive efects of merg-
ers, In addition to market concentration measured by the fyp- These
eHects include (i) the likelihood of coordination among firms; {11) condi-
tions revealing implicit or explicit coordination such a5 common price,




212 Concentration, Mergers, and Entry Barriers

fixed price differentials, stable market shares, or consumer or terrlorial
restriclions; {iii) detection of conditipns making punishments on devia-
tions Fromnm collusion more effective, thereby nerensing the likelihood of
collusicrl; (iv) the likclibood that a merger between firms distinguished
by differentiated producls to cavse & price increase for all differentialed
brands; (v} ability of rival scllers to replace lost competition.

8.7 Appendix: Entry Deterrence and Antitrust Law

Single-frm conduct is covered by Section 2 of the Shermar Act {1890),
under which it would ke a violalion of the antitrust law for an incumbent
hrrn to engage in ections thet wonld limil ecompetition, as stated in
Bection 2 of the Shermen Act {1530):

Every person who shall monopolize, or atlempt to monopo-
lize, or combine or congpire with eny ather person or persons,
to monopolize any part of Lhe trade or commerce among the
several States, or with forcign nations, ehall be deemed guilty
of a felany.

Thus, Seclion 2 locuses on the nnilatersl eomduct of & Grm, wherens
Section 1 [ocuses on the duality of actions among Brins. More precisely,
the essence of an ofense under Section 1 is the act of joining together to
conspire to limit competilion, and thereiore, the matn eoncern s to And
an agreement among Grms. In conbrast, Section 2 is coneerned with the
arcl of a monopoly Lhal misuses its power by Leking exclusionary ections.

Predatory prices are condemned, but there is lilfle apreement on
what defines predatory prices. A proof of pricing below average cost
conslitutes predalory pricing, and in this case the burden of proaof is on
the defendant to show that either the prices arc not below average cost,
or thet the low prices are temporary, [or promolional reasons anly. How-
GVET, prices that excood overoge cost can still be considered es predetory
if they are et in order to eliminzte competition with other frms since
any atiempt to monopolize 18 a felony under Section 2.

Ancther viglaticn of Section 2 5 2 refusal to deal, which refers to
cases where & oonopoly at one level of a ¢hain of distribution refuses to
dcal with the ncxt level in order to gain & monopoly posilion st both
levels. Finally, product innovation is not considered to be & violalion of
Seclion 2 even if the inlroduction of the new product inte the market
makes it diffienlt for other firms to compete or even survive.

We conclude by discussing how the FTC handles anticompetilive
behavior of incumbent firms. Seetion 5{a){1) of the Federal Trade Com-
mission Act {1914} stales:
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Unfair methods of compelition in or afecting commerce, and
unlair or deceptive acls or practices in or aflecting cormuineree,
are declared unlawful.

In earlier perinds after the FTC wes egtablished, the FTC concentraled
on promating “fair lrade practices” among trade assoclations. Owver the
years, the FTC cxicnded its role in enforcing lhese laws by conduct-
ing repeated investigations for the purpose of finding viclations of firms
that use a variety of anticompetitive methods, deseribed earlicr in the
chapter, in arder to maintain their dominance in the market. When the
FTC suspects a violalion, it opens an investigetion against the suspected
Arma end looks at the product’s degipn and its distribution cbannels in
order to fnd a clue sbout whether these activities deter polential en-
trants from enitering into the market. Investigalions of these kinds ore
generaliy made public and by themselves encourage more irms Lo enler
the markel with competing brands, lmowing thal predalory activitics
will not be sustained.

8.8 FExercises

L. The Licyelo industry eonsists of seven firma Tirms 1, 2, 3, 4 each has
10% market shure, aid Grms 5, 6, 7 each bas 20% murkel share. Using
Lhe concenlration menzurey defined in Section B.1, answer Lhe fallowlng
Questinns: :

{a) Caleulale Iy [or this industry:
(b) Calculale tha Fyy for this industry.
{c) Now, suppase that firms 1 and 2 merge, so that the new Frm will
hiave o market share of 20%.
i. Calculale e post merger Jerrr.
il. Calculate the chango in Lthe Ty caused by Lhe merger. Thal
iz, caloulate Afirer-
i, Uging Lhe merger guidelines deserbed in snbsection B.6.2,
evaluate the propased merger and predict whether Lhiz merger
will be challenged ¢r nol. Explain!

2. In an industry there are three inns producing a homogeneous product.
Let g; denate the oulpul level of frm 4, = 1, 2,1, and lel & denole the
aggregate industry-production level. That is, @ = @ + iz + ¢a. fssume
that the demand curve [acing the indusiry is p = 100 — &. Solve the
following problems:

fa} Find the Cournot equilibriuvm outpul and praft level of each frm.

{b) Now suppose thal firms 2 and 3 merge iote & single firm that we
eall firm 4. Celeulale e profit level of Grm 4 under & Conroat
market structure.
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{c} Do Brms 2 and 3 benefit fram this merger?

{d} Now suppose that firm | merges with frm 4. Thaes frm 4 benefiL
from Lhe merger wilk firm 17

{c) Explain why the first and the seeond mergers ¥ield different results
regarding Lhe profitability of mergers.

3. Consider the merger among lrms prodocing complementary compo-
nentd studied m subsection 8.2.3. Suppose that consumers desire com-
puter systems compased of one computer (denoted as praduet X7, anid
twe disketies (dencoled as product ¥). Thus, aur conpsumers treat com-
putors and diskettes as perfect complernrnts where, [or each computer,
the consumers need Lan diskettes. Let px demote Lhe prce of a com-
puter, end py demcte the price of m single diskette. Thus, the price of a
computer system i3 pg = px +2py . Formally, let the demand function
for compuler sysiems be given by

Q=o-ps=a-lpx+2py}, where@=z=y/2, a>0.
Answer the [ollowing questions assuming that production is costless.

fa) Suppase that the X producer and Lthe ¥ producer are independent.
Solve [or the Nash-Bertrand equilibrivm in prices. Caleulate Lhe
cquilibrinm prices, the gquantily prodoced of cach produocl, and
firms' profil levels

(b} MNaw suppog: Lhal firms X and ¥ merpe under a single ownership.
Cateulale Lhe monopaly eonilibrinm priees, Lhe quantily produced
of each product, end Lhe monopoly's profit.

(e] ¥s this morger welfarc-improving? Compare systen prices and
profits of the Airms before and aller the merger.

4. Consider the contestable-markets rarkel structure defined in section 8.5.
Suppose that in the indostry there is coe incumbent firm and several
potential compelitors all having ideolical technologices summarieed by
the cosl function TE(g, Y = 100 + {12, where g; is the oulput of Gon i
Solve [or a contestable-markets equilibrium assuming that the sinverse:l
aggregate demand [acing the industry is given by p = &0 — 4G,
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