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Chapter 1

Introduction

Industrial Organizatioh Industrial Economics, Oligopoly, Imperfect Competi-
tion, ... All these are well known labels to address one ofdalldest problems in
economics, namely how prices arise in the market when thierflea competitors.

We will start with a review of the ideas of the founding fathef the oligopoly
problem, Cournot, Bertrand, Edgeworth, Stackelberg, Giehm, Robinson, and
Hotelling. Next we will present the contrast between thealbed classical Indus-
trial economics with the modern industrial economics. Bnave will address
the issue of the adequacy of the partial equilibrium framéwehere most of the
contributions in this area are developed.

1.1 A historical appraisal.

A complete account of the early ideas in what today is knowmdastrial Or-
ganization can be found in Schumpeter (1958). For our pe;pgosurnot (1838)
was the first in proposing a solution concept to determineketgrrices under
oligopolistic interaction. By means of an example of twodurcers of mineral
water deciding production levels and competimgependentlyCournot proposes
that the price arising in the market will be determined byititerplay of aggre-
gate supply and demand. Also, such a price will be an equiliprice when
every producer’s production decision maximizes its prafiisditional on the ex-
pectation over the production of the rival. It is worth ngtithat this equilibrium
involves a price above the marginal cost of production. Tascept of equi-
librium is precisely what Nash (1950) proposed as solutioa mon-cooperative
game when we consider quantities as strategic variablest, Beurnot tackles
the case of complementary products. Interestingly enoegtsbumed in this case

1This chapter is based on Martin (2002, ch. 1), Tirole (198&0duction), and Vives (1999,
ch. 1)
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2 1.1 A historical appraisal.

that producers would choose prices and applied the samsosotoncept, namely
a Nash equilibrium with prices as strategic variables. ia thse, the equilibrium
price is larger than the monopoly price.

Cournot’s contribution was either ignored or unknown fory#ars until Ber-
trand (1883) published his critical review where he claihesthe obvious choice
for oligopolists competing in a homogeneous product measkeh as the proposed
by Cournot would be to collude, given that the relevant sgi@tvariables must be
prices rather than quantities. In particular, in Cournexample, the equilibrium
price will equal marginal cost, i.e. the competitive sajuti

The criticism of the Cournot model continued with Marsh&f20) and Edge-
worth (1897). Marshall thought that under increasing retumonopoly was the
only solution; Edgeworth’s main idea was that in Courna'sigp the equilibrium
is indeterminate regardless of products being substimtemplements. For
substitute goods with capacity constraints (Edgewort®7)Bor with quadratic
cost (Edgeworth (1922)) he concludes that prices wouldlaseicycling indefi-
nitely. For complementary products the indeterminatiothefequilibrium is “at
least very probable” (Vives (1999 p. 3)).

This demolition of Cournot’s analysis was called to an enddinamberlin
(1929) and Hotelling (1929) after the observation thatheiassumption of quan-
tities or prices as strategic variables are correct in anlatessense:

Equilibrium in the Bertrand model with a standardized prcidis
quite different from equilibrium in the Cournot model. Thew@not
model emphasizes the number of firms as the critical elemeldter-
mining market performance. Bertrand’s model predicts #mesper-
formance as in long-run equilibrium of a perfectly compegéimarket
if as few as two producers supply a standardized product.

The qualitative nature of the predictions of the Cournot elate
robust to the introduction of product differentiation. T¢sme cannot
be said of the Bertrand model. (Martin (2002, p.60)).

From that point Cournot's model served as a departure poiother analy-
sis. Hotelling (1929), Chamberlin (1933), and Robinsor8@)9ntroduced prod-
uct differentiation. Hotelling’s segment model introdaadifferent preferences
in consumers and provides the foundation for location thé&grassuming con-
sumers buying at most one unit of one commodity; Chamberoh Robinson
considered a large number of competitors producing shghtferent versions of
the same commodity (thus allowing them to retain some molyquawer on the
market) and assumed that consumers had convex prefererarahie set of vari-
eties. Stackelberg (1934) considered a sequential tinmnige firms’ decisions,
thus incorporating the idea of commitment.
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Some years later, von Neumann and Morgenstern (1944) ankl (48950,
1951) pioneered the development of game theory, a toollaiptovided the most
flourishing period of analysis in oligopoly theory along th@70’s. Refinements
of the Nash equilibrium solution like Selten’s subgame @eréquilibrium (1965)
and perfect equilibrium (1975), Harsanyi’s Bayesian Naglildrium (1967-68),
or Kreps and Wilson’s sequential equilibrium (1982) haveved essential to the
modern analysis of the indeterminacy of prices under oldyp

Also, the study of mechanisms allowing to sustain (non-eoative) collu-
sion was possible with the development of the theory of reggegames lead by
Friedman (1971), Aumann and Shapley (1976), RubinsteinrQ)L@nd Green and
Porter (1984). Figure 1.1 summarizes this discussion.

1.2 Oligopoly theory vs. the SCP paradigm.

Industrial Economics, as we have already mentioned, dedistine study of the
behavior of firms in the market. The field as a separate arda@nniticroeco-
nomics appears after the so-called monopolistic compatigvolution, linked to
the names of Mason (1939) and Bain (1949, 1956) (“Harvaditioe”). Barri-
ers to entry was the central concept giving rise to marketgoowhe approach
is essentially motivated by stylized facts arising from arp@ical tradition seek-
ing how the structural characteristics of an industry deiee the behavior of
its producers that, in turn, yields market performance.sTtamework of anal-
ysis is known as the Structure-Conduct-Performance pgmadiMartin (2002),
p.6 reproduces the figure 1.2 from Scherer (1970) showindgstbe paradigm.
Schmalensee (1989) provides a very nice survey of this appro

This paradigm dominated the evolution of the field for threeatles. Dur-
ing these years research was mainly discursive and infaamdindependent of
the formal microeconomic analysis of imperfect marketssigally, the SCP pro-
vided a general framework allowing the implementation dblgupolicies from
empirical regularities observed in many industries. Théy/eseventies witnessed
a major revolution in the analysis, leading to the so-caftleslv industrial eco-
nomics”. Following Martin (2002), p.8, three factors ardioel this evolution. (i)
the conclusions of the formal microeconomic models are natitatively differ-
ent from those of the SCP paradigm.; (ii) empirical econdsrfield that market
structure should be treated as endogenous rather thanrexagywith respect to
conduct and performance. This raised the need for a thear&dundation of the
econometric models (to be found in the microeconomic maafedtigopoly); (iii)
last but not least, the application of game theory to the nnoglef oligopolistic
interaction provided the definite element to replace the g@&Rdigm and place
Oligopoly Theory (understood as the analysis of strategiractions being cen-
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 [Schumpeter (1958)]

Coumnot (1838)

Nash equilibrium (1950) solution concept in oligopolistic markets

® Critics
Bertrand (1885) ——m 10 production costs: collusion

Edgeworth (1897) —m capacity constraints
(1922) —p diminishing retums

Marshall (1920) ——w increasing retumns: monopoly

> price cycles

® Supporters # firms: mkt performance ~ long-run perfectly competitive mikt
ham ; " H
i g (.1.9‘9) — - clarification Cowmot vs. Be
Hotelling (1929) ; el
Coumot robust to product differentiation. Not Bertrand
Hotelling (1929) : 2 firms, different consumers

Chamberlin (1933) |. ~ P
Robinson (1933) | many firms, identical consumers

Stackelberg (1934) —pw sequential iming : commitment

® Synthesis | Industrial Economics

Origin: Mason (1939), Bain (1949, 1956) —Monopolistic competition revolution
Classic approach : SCP paradigm —pm40s, “50s, ‘60s [swvey, Sclumalensee (1989)]
Modem approach : Oligopoly theory (strategic interaction) —*70s, *80s, present

¢

partial equilibrium models Von Neuman-Morgenstern (1944)
Vives (1999) Nash (1950)
Tirole (1988)
general equilibrium models Selten (( llggg)) %%E
Bonanno (1990) Fefinements
TS Harsanyi (1967-68) BNE
Kreps-Wilson (1982) SE
Repeated g Friedman (197 1)
peakcs Aumann-Shapley (1976)
non-cooperative collusion | Rubinstein (1979)
Green-Porter (1984)

Figure 1.1: History of 10.
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BASIC CONDITIONS
SUPPLY DEMAND

Faw materials Price elasticity
Technology Fate of growth
Product durability Substitutes

| Valueweight Marketing type
Buziness attitudes Purchase method
Unionization Cryclical and seasonal
character

Y
MARKET STRUCTURE

Mumber of sellers and buyers
Product differentiation
Bariers 1o enhiy

- Cost stuchires
Wertical Intergration
Conglomerateness

}

COMNDUCT

Pricing behavior
Product strategy
Fesearch and Innovation
.- Advertising
Legal factics

}

PEFFOFMANCE

Productive and allocative effficiency
Progiess
Full employment

Equity

Figure 1.2: The Structure-Conduct-Performance paradigm .
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tral to the determination of market performance) and thedtey methodology.
The two decades from the early 1970’s until the late 1980% Ieen the
most flourishing period of theoretical development in indakorganization. The
main methodological difference with respect to the SCP¢igma is that game-
theoretical models are rather specific and their predistadyout equilibrium be-
havior often not robust to minor changes in the set of undgglgssumptions.

Most of the literature on oligopoly theory has been developging models
of partial equilibriun?. That is the model focuses in an industry and the inter-
actions with the rest of the economy are neglected. Thisogmprgoes back to
Marshall (1920). His idea is that the partial equilibriumahebonly makes sense
when the income effects are small. In this case the sharensucoer expenses in
the industry under analysis will be small and small changekse industry should
not give rise to variations in the other markets of the econovives (1999, sec-
tion 111.2) presents a rigorous foundation for these idelasllowing Cournot, it
is generally assumed that firms face a downward sloping deéroarve (except
in the models of spatial competition). Also, it is assumedt thelfare changes
are adequately measured by variations in consumer sugptas)cept introduced
by Dupuit (1844). We will study this last concept and will gbat the consumer
surplus is a precise measure of the change in consumer @elfiar when prefer-
ences are quasilinear. Then we will verify that such assiomp meaningful only
when the income effects are small, that is when the sharersfuroner expenses
in the industry under analysis is small.

1.3 \Variations of prices and welfare.

Variations in the economic environment (price changessdartc) give rise to
variations in the consumers’ welfare. Thus, it is reasaméblkry to obtain quan-
titative estimations of those changes in prices and welfatie clear economic
interpretations.

The classic and most used measure of welfare variation isgchgumer sur-
plus. The problem with this measure is that it is precise only msbecial case
of quasilinear preferences. En general, consumer surpllysgoves an approx-
imation of the impact on welfare of a variation of some basagmtude of the
economy. Therefore, before focussing the attention in dmsemer surplus, we

2There is however a whole line of general equilibrium modélsligopoly started by Negishi
(1961) and continued by Gabszewicz and Vial (1972), Shitofli973), Novshek and Sonnen-
schein (1978), Mas-Colell (1982), and Codognato and Gabiezg1991). See also a survey
paper by Bonanno (1990).
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will examine some more general methods. These aredhgensating variation
and theequivalent variation

1.3.1 Price indices.

To start at the beginning, let us suppose that the basic etomagnitude suf-
fering a variation are prices. Thus, we have to constructesoreasures of that
variation that will prove useful in the study of the impactwalfare. These are
theprice indices.

Definition 1.1 (Price index) A price index measures the impact on the welfare
level following a price variation.

Let us consider two price vectop8, p' € R’ , wherep® represents the initial
situation angb' the new price level after the variation. How can we measuge th
impact of this price variation on the cost of living?

A first approach consists in considering a reference contiampundle,z?
and evaluate it at both systems of prices. We obtain an infiéxeofollowing

type:

1,.R
D

PI(p",p',aff) = (1.1)

Pl
This index measures the cost of the bundfeat pricesp® with respect to the
cost of this very bundle at prica®. The relevance of the index thus obtained

depends on how representative is the bunglén the economy.

Two indices built in this fashion are linked to the names o$peyres and
Paasche. The difference between them is the referenceroptisn bundle. The
former uses the bundle in the initial periof}, the latter the resulting bundle after
the price variationy}:

1

0

px;
PIL(povplvsz): 0{);'07
1,1

0 1 1\ _ P
PIP<p » P 7xi> _pole

The drawback of this family of indices is that given that tb@sumption bundle is
fixed, they cannot capture the substitution effects astatiaith the price change.
An alternative family of indices overcoming this problenosld estimate the
impact of the price change on the utility level. The naturalyvof construct-
ing such an index should use the expenditure function, tlegtsores the cost of

3see Villar (1996, pp.72-73)
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reaching a certain utility level at a given prices. Therefdrom a utility level of
reference:” we can construct the so-callédie price indexas

TPI(P®,p', uff) =

Naturally, the usefulness of this index depends on how sgmitative is the utility
level u2. With the same logic behind the Laspeyres and Paasche sndigecan
obtain the corresponding true Laspeyres price index amdRaasche price index.

1,0
TPI 0 .1 0 6Z(p 7uz)
L(p » P 7u7,) 6Z(p07u20)7
TPI ( 0 .1 1) €2<p1 u)
U
PP P U 67,(])0 Ul )

It is easy to prove (this is left to the reader) that the trugdegres price index
is a lower bound of the Laspeyres index, and that the truecRagwice index is
an upper bound of the Paasche price index, that is,

TPI, < PI;,
TPIp > Plp.

Finally, note that when preferences are homothetic, the lbaspeyres and
Paasche price indices coincide (again, the proof of thiestant is left to the
reader).

1.3.2 Welfare variations

We will examine the effect of a price change (due, for insgattca variation in
taxes) on the welfare level of an individual. Let us considsrbefore, two price
vectorsp®, p' € R, wherep® represents the initial situation apd the new sit-
uation. Let us also assume that wealth remains constantindoenarios. This
is a simplifying assumption. To see the effect of the pricange on consumers
we only have to compare the utility levels in both situatiemaluated at the cor-
responding consumption bundles(z?) andu;(z}). Similarly, we can compare
the indirect utility levels; (p°, w;) andvl(p ,W;). These comparisons aoedinal,
that is they only tell us whether the consumer is better ofvorse off after the
price variation, but do not tell us anything about how muctidveff or worse off
the consumer is.

To overcome this limitation of the analysis, we can consterexpenditure
function as representation of the indirect utility functioThus, let us consider
a reference price vectqr’ together with the price vectors’ y p'. Next, let
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us computee; [p?, v;(p?, w;)], 7 = 0,1. These functions tell us the amount of
money, given priceg”, necessary to achieve the utility level = v;(p/, w;).
Given that the expenditure function is strictly increadimg;, we can think of the
expenditure function as a monotonic increasing transfionaf v; and therefore
an alternative representation of the individual utilityhi§ argument allows us to
express the indirect utility in monetary units (Euros), #mgs obtain a quantitative
measure of welfare variation. In other words, the diffeesnc

€z[pR, Ui(p17wi>] - €i[pR,Ui(p0, wz)]
tells us how much does our welfare level vary when prices gadromp° to p*
in Euros relative to the price vectpf'. Of course, the selection pf’ is crucial to
obtain a meaningful interpretation. The obvious cand&lare the prices corre-
sponding to the initial situation or to the final situatiors ik the case of the price
indices, this gives rise to two different measures of welfariation. Before intro-
ducing these measures, let us recall that we are assumingehth remains con-
stant form one situation to the other, namely?, v;(p°, w;)] = e;[p', v;(p', w;)] =
w.

Definition 1.2 (Equivalent variation) The equivalent variation is the change in
consumer wealth equivalent, in terms of welfare, to thegpeitange:

EVi(pO,pl,w) = ei[p07Ui(p1, wz)] - €i[p07Ui(p0>wz')] = 62‘[1?07 Ui(p17wi>] —w.

The equivalent variation tells us that the price change fr8rto p! has the
same impact on welfare as an income change fronto (w; + EV;). There-
fore, EV; will be negative when the price change will worsen the situadf the
consumer and positive otherwise.

Definition 1.3 (Compensating variation} he compensating variation is the change
in consumer wealth necessary to maintain that consumeranithial welfare
level after a price change has occurred:

C‘/'i(po,p17 w) = €z‘[p17 Uz‘(P17 w;)] — ei[p1> Uz‘(p07 w;)] = w — ei[p1> Uz‘(pO, w;)).

The compensating variation is a modification in the wealtthefindividual to
maintain him (her) in his (her) initial utility level. Hencéhat modification will
be negative (an increase in income) when the change of pritesorsen the
situation of the consumer and positive otherwise.

We can thus conclude that when we compare two scenarios,nbedisures
go in the same direction, although not in the same magnitiwea® ghat the price
vectors at which both scenarios are evaluated are diffefEmts statement does
not hold true when we compare more than two situations. Ihdhse thel)V;
turns out to be a better measure thandhe (see Villar (1996, p.75)).
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X ' X i
iz iz
VT i
-
X 0
{a} il

Figure 1.3: Equivalent variation and compensating vanati

Figure 1.3 illustrates the argument when the price of gooedrahses from
p° to p'. Section (a) in the figure represents the equivalent variatf income,
i.e. how much additional money is needed at the price veftén maintain the
consumer at the same welfare level as with priges Part (b) represents the
compensating variation of income, that is how much moneyebave to subtract

from the consumer to maintain him (her) at the same welfarel ks with prices

P’

1.3.3 Consumer surplus

The concept ofconsumer surplugiives an approximation of the impact of a
change of prices on consumer welfare. In contrast with thevatent variation
and the compensating variation, it is easier to computeusechuses the demand
function. However, it only allows to obtain an approximatitm the true value
(except in one particular case that we will examine below).

To illustrate the idea of consumer surplus, let us considaaget of a good
where a monopolist knows the demand curve of the consumes. mdnopolist
by setting a price” would sellz° units, so that its revenue would pex°. Let
us assume that the monopolist would like to sell precisedgeh® units to the
consumer. In an effort to maximize profits, and given thatrttemopolist knows
the demand function, it can sell every unit separately utntdaches the quantity
2. According to demand function, it can sell the first unit atacimhigher price
than the competitive price, the second unit to a slightlydoypwrice, and so on
until reaching thesth unit that sells at the pricg’. The difference in revenues
obtained by the monopolist using this discriminatory med$ra and the uniform
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Figure 1.4: Consumer surplus

price is called consumer surplus. This surplus captureeetits the the consumer
saves because the firm cannot set a price for every unit thabimsumer buys.

In a similar way, we can compute the consumer surplus whermptiice of
the good varies. Figure 1.4 illustrates the argument. @ensin initial situation
where the price of the good j&. At this price, the consumer, given his (her)
demand function, buysg” units. Assume that for some reason, the price increases
to p! so that the consumer, whose income remains constant, ieilsicemand to
x'. The colored area illustrates the variation of the surpfusup consumer and
offers an idea of the impact of the price change of his (hefjane

Formally, the consumer surplus in the case of figure 1.4 isrgby,

pl

pO
The consumer surplus coincides with the equivalent variand the compen-
sating variation when preferences are quasilinear. Foo#mr preferences, the
consumer surplus only offers an approximate measure bdundte equivalent
variation and the compensating variation. We will analyathlsituations in turn.

Quasilinear utility.

Assume our consumer lives in a world of two goods with priges= 1 andp,.
Also, assume his (her) incomeus and the utility function can be represented as

Ui(xi1, Tio) = xin + ui(Ti2),

so that the utility function is linear in one good. Assume filnection u;(z;2) is
strictly concave.
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The problem of the consumer is
max T + ui(l'ig)
Xq1,242
S.awi + paTiz = W
i 2> 0.

This problem may have two types of solution according to theesamption of
goodz;; be positive or zero.
Consider firstr;; > 0. We can reformulate the problem as,
max ;1 + u;(Z2)
Xj1,242

S.aTi1 + Pa%io = Wy

or also,

max w; — paTiz + Ui(%i2)
12

The first order conditiomy(x;») = p?, tells us that demand of good 2 only de-
pends on its own price and is independent of income. In otledsy we can write

its demand as;»(p,). We obtain the demand of good 1 from the budget constraint
Tip = Wi — p2$i2(p2)- w

Whenzx;; = 0, demand of good 2 is simphy,, = —.

How does the consumer decide his (her) congzumption plangnGhat the
utility (sub)function on good 2 is strictly concave, the samer will start con-
suming good 2 until the marginal utility of an additional espent in good 2 will
be equal tg, = 1. From that point on, the increases in income will be devated t
consumption of good 1. For the sake of the argument, let usvaessghat initially
our consumer has zero income and we increase it marginddgyinicrease in util-

ity is M If this increase in ultility is larger than 1 (the price of gbd),
the consgrzner obtains more utility consuming good 2. Thisabieln will remain
the same until the marginal increase in income make the margtility of that
income spent in good 2 equal to the price of good 1. Then ouswoer will be
indifferent between consuming either good. From that pomtfurther increases
in income will be devoted to increase the consumption of ghod

The level of utility (welfare) obtained by the consumer isply the sum of

the utility derived from the consumption of every good,,i.e.

Ui<xi1> %‘2) = W; — p2$i2(p2) + Ui(%’z(pz))-

To illustrate this welfare level on the demand curve of gopd@ only need
to integrate,

42
Ww; — pzxiz(m) + Ui($z2(p2)) = Ww; — p2$z’2(p2) + / p(t)dt.
0
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Leaving aside the constaat, the expression on the right hand side of this equa-
tion is the area under the demand curve of good 2 and abowepric

The general case

When the utility function representing the preferences wf consumer is not
quasilinear, the consumer surplus can only offer an appraton to the welfare
variation associated to a price change.

Recall that the equivalent variation and the compensatnigtion of the con-
sumer when the price of a good varies frpfrto p! (given the prices of the other
goods and consumer income) are:

E‘/i(poaplv w) =€ [pO’ Ui(pl
C‘/i(poaplv w) =6 [plv Ul(p

Also, recall that the compensated demand function is theatese of the ex-

penditure functionk; (p, u;) = %ij, so that we can rewrite the equivalent variation

and the compensating variation as,

pO

EW(p07p17w) :ei[poauil] - ei[poau?] = / h2<p7 ul)dp7
pl

pO

C‘/i(povplv w) :6i[p17 ug] - 6i[p17 u?] = / hi(p> uo)dp>
pl

that is, the compensating variation is the integral of thempensated demand
curve associated at the initial utility level while the egalent variation is the
corresponding integral associated at the final utility leve

The correct measure of welfare is thus an area given by a aosaped demand
function. The problem, as we already know, is that such delveuanobservable.
This is the reason why the consumer surplus, obtained orotise(vable) mar-
shallian demand is often used as an approximation. Theiqodkiat remains is
how good this approximation is. To answer this question &g bly recalling the
Slutsky equation,

Oxy;  Ohy(p,u)  Oxy
8}% - apk; awi ik (pa wz)~

When the good is not inferior, ,%ﬂ > 0, we obtain
Wi

82&‘]’ < ahij(p, U)
O Ipr.
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hip, ul)

Figure 1.5: Consumer surplus as an approximation

thatis, the slope of the compensated demand is larger #hatdpe of the marshal-
lian demand. Figure 1.5 shows the relationship betweengbwaent variation,
the compensating variation, and the consumer surplus.

The initial situation is given by a pricg’, so that consumer is at on the
marshallian demand curve. The final scenario appears afiecraase in price to
p', so that consumer is at poilibn the marshallian demand curve.

The compensating variation is computed from the initiditytievel, «°, and
is given by the area below the compensated (hicksian) demizthe pointz, that
is the area®acp'.

The equivalent variation is computed from the final utiligvél, «*, and is
given by the area below the compensated (hicksian) demahd pbintb, that is
the areg®dbp'.

The consumer surplus is the area below the marshallian douawve between
pointsa andb, that is the are@’abp!.

Comparing these areas we realize that < CS < EV. In particular, if
there are no income effecaf;’ = 0, (this is the case of quasilinear utility) the
three areas will coincide. This means that for small incoffetts, the consumer
surplus represents a good approximation to the equivakmtion and to the
compensating variation.

1.4 Producer surplus and deadweight welfare loss.

The producer surplus is the profit of the firm in the industmt @f fix costs). The
next two figures show the marginal cost curve (i.e. the supptye under perfect
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H(p)

Figure 1.6: Taxation and deadweight welfare loss

competition). Profit is the difference between revenyés®) and cost, where
total cost is the integral of marginal cost (recall we areiagag away fixed/sunk
costs). Accordingly, profit is the area between the margioal curve and the
horizontal line at price®.

The aggregate welfare of the economy is the sum of the corrssum@us and
the producer surplus. Looking at figures 1.6 and 1.7 it is ¢asyderstand that
total surplus is maximized when price equals marginal odsy. deviation of the
price away from the marginal cost represents a welfare Idsgonetary mea-
sure of this loss of welfare is the so-called “dead-weigkslo Figure 1.6 shows
the dead-weight loss associated with the introduction @xaon a commodity.
Assume an initial state where the economy is perfectly cditige so that the
equilibrium price isp®. Then a unit taxis imposed on each unit sold. This raises
the equilibrium price tg! and lowers the equilibrium consumptiont6. The
welfare loss is thus the difference in total surplus betwsath situations. This is
the area of the blue/green triangle. Itis giventhy’ — 1) /2.

The second example shows the dead-weight loss associatedheitransi-
tion from a competitive economy to a monopolized economyb@éfere the ini-
tial situation is a perfectly competitive economy with amidigrium price p°. A
monopoly would set a price equation marginal revenue andimelrcost, that is
p'. The dead-weight loss is the area of the blue/yellow triang|
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Figure 1.7: Monopoly and deadweight welfare loss

1.5 Market and market power.

1.5.1 Definition of the market.

Defining a market is not an easy task. It is obvious that we dovaaot to restrict
ourselves to the case of a homogeneous good. A first approgimeould be
the principle that two goods belong to the same market ontlga¥ are perfect
substitutes. That would be too a restrictive definition loseait would have as
consequence that there would be only one firm in each markat.v&y few
firms have an absolute monopoly power. A common feature immagkets is that
consumers after the increase of the price of one good reaxtidjby) substituting
that good by purchasing other alternative goods. The defintannot be too
general either. Considering any two substitute goods amgeig to the same
market would lead to an economy with a single market sincegaod can be
directly or indirectly a potential substitute of any otherog. Such a definition
would not allow partial equilibrium analysis.

At this point thus, we realize that the “correct” definitioheomarket has to be
contingent to the problem we want to tackle. For instandejdeonsider the case
of coal. If the problem we face is the design of energy policg,relevant market
is the energy market (including coal, petrol, nuclear); to evaluate the effects
of a merger between two providers, we would need a narrowfaritien of the
relevant market.

An ideal scenario to define a product market consists in lgeaiset of goods
with very high cross price elasticities (in absolute valag)ong them and very
low with respect other commaodities not in the set. This definirefers to demand
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elasticities but also in a subsidiary way to supply elaséisi Let us consider some
examples:

(i) cross elasticity between lead free 95 and 98 octanedigass very high.
They are two close substitutes that clearly should belotiggeame market;

(ii) cross elasticity between consumption of gasoline aikenal water is very
low. They are two independent products. They should notrigeto the
same market;

(i) cross elasticity between shoes for the right foot amel left foot is (in abso-
lute value) very high: they are two perfect complementsiagt belong to
the same market (actually, in this extreme case the corgditition of the
market should be that of pairs of shoes).

This rule involving elasticities even though contains clambiguities (it is
not clear what does sufficiently high cross elasticity mgasiot always easy
to apply. First, product differentiation is a gradual phermon and therefore
determining the critical value of the cross elasticity i$ @asily determined. Sec-
ond, we should be aware that two products may be substindesctly through a
chain of substitution as it appears often in the pharmacaiuyproducts: a certain
drug is effective in treatmentd and B; another one is effective in treatmems
andC'. Both the strict definition of market based on therapeutdtgctiveness
(A, B, C) as the more general definitiod ¢- B + C) are inconsistent. It is also
worth mentioning that a market definition using a geograghaciterion raises
similar problems. For example, what is the proper definitbthe market for
wine: the world, Europe, Spain, Catalonia, Barcelona?

Despite all these difficulties, for statistical purposesréhexist classification
systems of the economic activities in every country. In 8pa have the so called
“Clasificacion Nacional de Actividades Economicas”, CGRlAmong others (see
appendix). We can also mention the classification systemEp®@posed by the
Eurostat. These classifications are divided in sections foae digit, until four
digits. Often these classification systems are used asqwdar market defini-
tions. This is a problem because usually the grouping iretlsgstems are done
using criteria from the supply side of the market, while teémtion of the market
emphasizes the demand side of the market. For example,giroof wine and
production of cava belong to different groups (becausedtiatology is different)
but from the demand point of view should be considered asgatg to the same
market.

The supply side aspects in the definition of a market offersesadvantages
from the industrial organization point of view. A well knoveample is provided
by McKie (1985) (see Cabral (1994), p.21): In 1964 the US Ancé opened a
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contract for the provision of a certain type of radar. Thetst was assigned
to Bendix enterprise that maintained a monopoly status for somesyeahis
situation led a second firmiyilcox, to sueBendixfor abuse of monopoly position.
The Federal Trade Commission voted in favorB&#ndix The reason was that
from the demand point of view, looking at the elasticity ofrtind,Bendixcan be
considered a monopoly. Nevertheless, according to thsifitzgion of industrial
activities we find a certain number of firms with similar teological capacity to
Bendix Therefore, any of them could win the next contract when tilddoecome
public. Actually, this is what happened in 1969 wht¢oneywellobtained the new
contract.

1.5.2 Concentration measures.

Once we have defined the market (the industry) both from tbescelasticities
and from the supply side perspectives, we also need a meafsinerelative im-
portance of every firm in the market, and a statistical metbadmpute an index
giving information on the degree of concentration of the keair Even though
there are obvious difficulties to agree upon a criterion tasunee the relative size
of afirm (see e.g. Hay and Morris (1996) or Eraso Goicoeché&ancia Olaverri
(1990)), one possibility is to use the market shares.

Consider an industry with firms producing a homogeneous good. The dis-
tribution of these firms according to their market share \&giby a vectom
ordered from biggest to smallest:

E?:l di

That is, we are working in a unit simplex,_; in R™. For every numben a
concentration measure is a real applicatigndefined onS,,_;.

Following Encaoua and Jacquemin (1980), any proper corat@n measure
has to satisfy some requirements and properties.

Requirements

n
q.
m = (my,mg, -+ ,my), m; = : >0, E m; = 1.
=1

e Unidimensionality.
e The concentration measure must take valu€8,if].
¢ Independence of the market size.

e Symmetry: the concentration measure has to be invarianttmytations
of the market shares of the firms, that is,

Cn(mi,ma, -+ ,my) = Cp(Mray, Ma(2)s M)
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for any permutationr de{1,2,--- ,n}

Properties
n fix

e P1 (Transfer principle): Transferring part of the prodantfrom a smaller
firm to a bigger one cannot decrease the concentration measur

Cn(mlv"'amjv'” s Mgy == 7mn) SCn(mla'--amjv'” 7mk7"' 7mn)7
wherem; > m;, my > my, andm; — m; = my, — my,.

e P2 (Homogeneity principle): Given the number of firms in thdustry,
the concentration measure takes its minimum value whenralé fnave the
same market share, i.ein C),(my, ma, -+ ,m,) = C,(m,m -n-tfr%l(fs-, m).

e P3 (Lorenz criterion): consider two industries with the sanumber of
firms. Let the aggregate production of the (k = 1,2, - - -n) bigger firms
in the first industry be larger than or equal to the correspundggregate
production of the: bigger firms in the second industry. Then, this inequality
must also hold between the concentration measures of thmnhastries
Formally,C,,(m}, mb, --- ,m}) > Cy(m?,m3,--- ,m?) when>F_ m! >

k 2
Zi:l m;.
n variable

e P4: If two or more firms merge, the concentration measureatatiminish.
FOfmally,Cn(mla My My e e 7mn) S Cn—l(mh ceey Mgy e e 7mn)

Y

e P5: If in an industry all firms’ market shares are equal = m;, i #
j, 1,5 =1,2,--- n), the concentration measure cannot be increasing in
the number of firms, i.eC,,(m,--- ,m) < Cpy(m,--- ,m)

These properties are not independent. Encaoua and Jacgsieow the fol-
lowing implications:

e If P1 holds, then P2 i P3 also hol®{ = P2, P1 = P3)
e If P2 and P4 hold, then P5 also hold3X A P4 = P5)

Definition 1.4 (Concentration measurelet 4(m;) be a function defined if), 1]
assigning a weight to the relative production of a fitm.e. m; — m;h(m;). A
concentration measure is defined as,

Cn(mla mao, - 7mn) = Zmzh(mz)
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We can recall now the most usual concentration indices.

e Concentration ratio:
k
=1

This is a measure that considérsn,;) = 1. This index measures the rela-
tive production of thé: largest firms in the market over the total production
of the industry. The index takes values in the intewal € [£,1]. The
problem of this index is the arbitrarinessiof

o Herfindhal index: .
=1

This index defines(m;) = m;. Therefore, it is a measure that overesti-
mates the relative importance of the large firms against itiadler ones.
The index takes values in the rangg € [1,1]. Also, the numberCLH

is called “Adelman’s equal number” associated to the Hehfahdndex. It
represents the number of equal sized firms whose distribugisults in the
same concentration measure as the one giverihyNote that the Herfind-
hal index is defined over all firms in the industry.

e Entropy index:

Cg = Zmi log, m;, a > 1.
i=1

This index define&(m;) = log, m;. Therefore, it is a measure that under-
estimates the relative importance of the large firms ag#iestimaller ones.
The index takes values in the ran@g € [log, Z,0]. Also, the number
G%E is called the “equal number” associated to the entropy inttecepre-
sents the number of equal sized firms whose distributioriteeisLthe same
concentration measure as the one giverthy

1.5.3 Degree of Monopoly.

The most popular measure of monopoly power of a firm was pexpbyg Lerner
(1934) and thus called Lerner’s index:
P — MC; MC
Li = ——— =1-—
! P P
The index takes values in the range € [0,1). When a firm behaves competi-
tively, its price equates its marginal cost, = 0. As the firm increases its ability
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to set a price above marginal cost the index increases. Ifirthie when the
margin of the price over the marginal cost is infinitely large— 1.

From the individual Lerner indices in an industry, we canagbianaggre-
gate index of monopoly power Let 3, (L1, Lo, - - -, L,,) be the aggregate index
of monopoly power in an industry with firms. This index has to satisfy three
properties:

1.- The value of3,,(Ly, Lo, - - - , L,) must lay in the range defined by the ex-

treme values of the distribution of individual Lerner ine§¢ L, Lo, - - - , L,)
i.e. maX{Ll, Lg, e ,Ln} Z %n(Ll, LQ, s ,Ln) Z min{Ll, LQ, e ,Ln}
If Ly = Ly =--- =L, = L, then$,,(Ly, Ly, - -+ , L,) = L. This result

has two interpretations. Either the industry is perfectignpetitive or it is a
perfect cartel. In the latter case, the optimal assignmiemizoket shares is
such that the marginal costs of the different firms coincelesn if market
shares are not equal, the individual Lerner indices coecidence, it is
important to make the distinction between the distributbbmarket shares
and the distribution of monopoly power in an industry.

2.- In an industry, some of its members may be “price takeosthait their
monopoly power are nil, i.e.; = 0. Even though, these components
must also be included i%,, (L1, Lo, - - - , L,,), because each member of the
industry has its weight in the computation of the aggregadex. In other
Words, |an = 0, %n(Lla Lg, s ,0) # %n—l(Lla LQ, s 7Ln—1)-

3.- If two or more firms merge, the aggregate index of monopolyer must
not decrease, i.€3,, (L1, Lo, - -+, L) < Sp_1(L1g, L, - -+, Ly).
Some indices satisfying these properties are:
e Aggregate concentration ratio:

S|

Sk =

k
2L
=1
e Aggregate Lerner index
%a = Z ml-LZ-
i=1
This is an arithmetic average so that large firms get morehteig

e Aggregate entropy index
Sy =)™, Li#0
=1
This is a geometric average so that large firms get less weight
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1.5.4 Concentration indices and degree of monopoly.

Consider a homogeneous industry witfirms. Market (inverse) demand is given
by p = f(q) whereqg = """ | ¢;. Every firm has a technology described®y(¢;)
and a production capacity limit. Firm ¢’s profits are,

(g1, 92, @) = 6f(q) — Ci(a),

wheregq; € [0,v;]. Assuming the proper conditions on demand and cost func-
tions, a noncooperative Cournot equilibritiwill be interior and unique, i.e.

¢’ € (0,v;), Vi, so that the system of first order conditions of the profit maxi
mization problem evaluated at the equilibrium satisfies,

F@)+df(d°) - Ci(a)) =0 (i=1,2,---,n),

whereg” = >"" | ¢. Rearranging terms, we can write,

(@) = Cild) = =’ f'(d") (i=1,2,---,n).

Dividing both sides byf(¢°) and multiplying and dividing the right hand sig#
we obtain,

fd”) - Cila)) _ _@CIOQ_?
f(q°) f(q°) " ¢°

The left hand side of this expression is firfs Lerner index evaluated at the
equilibrium output vector. The right hand side contains elements:

(i=1,2,---,n).

. q—g = m) i.e. firmi’s equilibrium market share, and
q
[ ]
@) 0 a0y 40 9f(@%) ¢ 1
@~ TR T e @ T

Therefore, we can write the first order condition evaluatal@equilibrium pro-

duction plan as
1
LY = —m). (1.2)
g
Now we can show the (direct) relationship between a conatotrindex and
an adequate aggregate index of monopoly power:

4see chapter 3 on the concept of noncooperative equilibrium.
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e Concentration ratio
1 k
Sy = — Li:—— mZ:——C7
DD Aol

e Herfindhal index

e Entropy index

. 1 .. 1
3, = HLm’ = —m = a%P .
£

i=1 i=1

All these indices are reasonable in the sense that theyysdiesaxioms proposed
by Encauoa and Jacquemin (1980), but nothing is said on tisefulness. Are
they a useful instrument for policy design? To answer we barktof relating
these indices with the productivity of the industry. In partar, we can examine
the relationship between concentration and industry grofit

Start assuming all firms in the industry with the same markeates (symme-
try). The only reasonable concentration measures are agquivo the number of
firms in the industry:C}, = £, Cy = 1, Cp = Inl. Bertrand’s model tells
us that market price and industry profits are independertehtimber on firms
in the industry. Thus, concentration and profitability ace related. Cournot’s
model (with fixed number of firms) shows a negative corretaietween concen-
tration and profitability.

If firms areasymmetric because they may have different costs for instance,
the concentration measure is not ambiguous any more. Asdarillestrate, that
firms have constant marginal cost§(q;) = ¢;¢;, and compete in quantities. The
aggregate industry profits are:

n

£
=1 i=1

5
Cg = Zmi log, m; = Zloga m;" = log, Hm?”;
=1 =1 =1
taking antilogs
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where we have used (1.2). Assume also that consumers spemaradortion of
their incomes in this market, that isy = k£ wherek is a positive constant. Then,
demand elasticity = 1, and the above expression reduceslte- £Cy. In this
particular case, the Herfindhal index gives an exact medspreo a proportion-
ality constant) of industry profitability.

The asymmetries between firms tend to generate high coorlatween con-
centration indices and industry profitability. This is sacéese asymmetries in
costs generate asymmetries in production levels and tlcusase the concentra-
tion indices. Also, the most efficient firms in the industrytaih rents increasing
the global industry profit. For instance, under Bertrand pefition with constant
marginal cost the firm with the lowest marginal cost getsiadl tnarket (so that
concentration index will be highest) and obtains positik&igs. When firms are
more symmetric concentrations indices usually are not gb and firms obtain
small profits. This phenomenon also appears under Courngpetition.

Summarizing, concentration indices are useful becausedteeeasy to com-
pute and give an economic interpretation of how competdivéndustry is. Un-
fortunately, there is no systematic relation between tihediees and the relevant
economic variables to evaluate changes in technology, dénea economic poli-
cies. Evenifit would be possible, we should be aware thaitittiees are endoge-
nous measures, so that correlations could not be intetpireecausal sense.

1.5.5 Volatility measures

A limitation of the concentration measures is their staharacter. The intro-
duction of dynamic considerations in the analysis of masketcture leads to the
so-called volatility measures.

The degree of competitiveness in a market is related notweititythe distribu-
tion of market shares, but also with the relative positiotheffirms as time goes
by. Assume that a certain market has at any point in time aw@mfirm, but that
firm varies in the different periods. It is quite likely thatis market approaches
more a competitive behavior than another market with lease@uatration but with
more stable position of the firms in the market.

One of the most popular measures of dynamic competitivgoessability of
market shares) is thastability index It is defined as,

n

1
] = 5 ; |mi2 — mz-1| - [0, 1),
wherem;, andm,; represent firm’s market shares in periods 1 and 2 respec-
tively, andn denotes the number of firms in any period. It is easy to vehift t

I varies betweerd (minimum instability) and 1 (maximum instability). When
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market shares remain constant along time we obtain0. The situation where
I = 1 corresponds to a scenario where all firms present in the iarkee initial
period have zero market share in the next period (i.e. nanaire in the market).
Naturally, this instability index also presents some peotd of measurement and
interpretation.

Exercises
1. Show

a) TPI; < PI;, andTPIp < Plp.

b) when preferences are homothetic, théRIl;, = PI;, andTPlp =
Plp.

2. Consider a quasilinear utility functidi;(z;1, z;2) = xi1 + ui(x) where
ui(x;2) is strictly concave. Show thatV = C'S = EV.

3. Show thatC'y = l + nV(m;) whereCy denotes the Herfidahl index,
n

the number of firms and’ (m;) the variance of market shares. From the
equation above, provide an interpretation to the Adelmanbar defined
asCy'.

4. Compute the extreme values of the (i) concentration r@ipHerfindhal
index, and (iii) entropy index.

5. Consider a-firm Cournot oligopoly where each firm has a constant mafgina
costc;. Market demand is described by a well-behaved fungtien f(Q).
Show that the ratio between industry profits and industrgmees equals
the ratio between the Herfindhal index and the elasticityeohand.

6. Show that under the conditions of problem 2, the “averagmmér index”
(>, miL;) equals the Herfindhal index divided by the demand elasticity

7. Consider a market with linear demagd= 1 — P. Two firms operate
with constant marginal costs; andc, such thatc; + ¢o = 2¢ wherec is
a constant. Show that when firms become more asymmetria:(iraoves
away fromc) Cournot competiton yields a higher concentration indekan
higher industry profit.

8. Consider a market of a certain (homogeneous) productideddy the list
of firms with market shares above 2% as shown in the followérdet



Lecture Notes on Industrial Organization - Xavier Martinez-Giralt -- http://pareto.uab.es/xmg/Docencia/lO-en/IO-Introduction.pdf

26 Exercises

Firm | Share| Firm | Share
14.19| 8 2.60
12.71 9 2.54
11.02| 10 2.50
10.56| 11 2.14
9.50| 12 2.10
7.92| 13 2.03
3.00

~No o~ WNPE

These 13 firms together cover 82.81% of the market. Competepper
and lower bounds of the Herfindhal index for this market.



