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Abstract

We argue that the output criterion for price discrimination is not robust to the introduction of even arbitrarily small
marginal cost differences. However, welfare improvements can be validly assessed by replacing it with the
computation of well-known price indexes which are not informatively more demanding.
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1. Introduction

Consider a setting in which a monopolistic firmiséh several markets. We have in mind the case
in which the products sold in the different marketge alike, so that the units of output are
commensurate and in principle the rule of a unifgmce could be (and in practice sometimes is)
imposed by an antitrust authority: see e.g. Caf#@00: paragraph 10.5). Schmalensee (1981),
Varian (1985) and Schwartz (1990) proved th&tmarginal costs are common, a necessary
condition for the monopolistic so-called “third-adeg price discrimination” to raise aggregate
welfare is thatotal output increases under discriminatory pricing.sThautput criterion” is at the
core of price discrimination investigations: seen@n and Vickers (2007) and Aguirre (2008) for
two recent examples.

A striking application of the output criterion iset case of linear demands. One can prove that,
very generally (i.e., even if demands are not iedejent and marginal cost is not constant),
monopolistic output is the same with or withoutraferm price constraint if the markets served by
the monopolist are the same: see e.g. BertoleMd{2 Appendix 1). Since the linear setting is
usually adopted because it allows a direct computadf the results and provides a first-order
approximation to the general case, the literatunetloe welfare effect of monopolistic price
discrimination tends to be rather pessimistic:esge Schmalensee (1981: p. 246) and Varian (1989:
pp. 622-623).

In this note we argue that the output criterionfrisgile, since it is not robust to the
introduction of even arbitrarily small (marginabst differences. The reason is that uniform pricing
rests on the result that gaven quantity of thesame good should be distributed according to a
common price, but with different marginal costs principle can be invoked to support it. For
example, the socially efficient production of agvtotal amount of output (an unusual second-best
problem if goods are not identical) would requikatt the differences between prices and the
relative marginal costs be equal across marketguallg, this property suggests a possible
definition of non discriminatory pricing in a setting with differéaied costs. However, as a matter
of fact, there are different definitions of pricsaimination (the most popular, attributed to Gpsor
Stigler, 1987 and inspired by the property of nm@agipricing, says that a firm price discriminates
when theratio in prices is different from theatio in marginal costs for two “similar” goods offered
by it): see Clerides (2004). Moreover, to be magerational those definitions required that cost
differences can be accounted for. On the contreeyassume here that costs are not observable and
discuss the standard way the output criterion imciple applied.

In fact, it turns out that a profit-maximising mgubist could use the alleged price flexibility
to increase the price of the more costly goodsgethedecreasingverage total cost and increasing
welfare. Indeed, if demand elasticities are noteaskly correlated with marginal costs, through
prices the monopolist could even pass to the coasusome part of the cost reduction achieved in
this way (however, a second-best conflict betwemnas welfare and consumer surplus concerns
could also arise). In section Il we discuss theedas welfare improvements in violation of the
output criterion, and illustrate it in section By using two examples of linear settings (in which,
once again, monopolistic output is the same boteuoniform and differentiated pricing). Sincg:
(possibly small) cost differences cannot be exduiieapplications (nor easily accounted far);
welfare improvements can be checked by computinge pndexes which are not informatively
more demanding than the output criterion, we cafelihat the latter test should be abandoned for
all practical purposes.

2. The setting

We refer to the model in Schmalensee (1981), wbathbe seen as a special case of Varian (1985).
In particular, a monopolist is selling Mdistinguishable markets. Lgi(p;) be the demand function
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in marketi (i =1, ...,N), wherep; is the price charged by the monopolgtthe quantity he sells
andc the relevant (constant) marginal cost. Total matispc profit can then be writtef/(p) =
Zi(pi - ¢)ai(p), wherep = [p1, p2,-.-, Pn] IS the vector of prices that the monopolist chardeis
assumed that consumers have quasi-linear prefexresioee there are no income and distributional
effects, we can think in terms of a representativesumer with indirect utility functiol(p) = v(p)

+ Yo, Whereyy is the total endowment of thaumeraire. Aggregate (social) welfare can then be
written as\W(p) = 77(p) + v(p).

Let p* be the price the unregulated monopolist would adapmmarketi, and p" the
corresponding uniform price he would choose if seatgd to such a constraint. Varian (1985)
established the following welfare bounds for a gfein prices fronp“ to p (the result follows
from convexity ofv(JJ:

N N
p'Y Aq —AC =AW =) p4q - AC, (2)
i=1 i=1

wheredq; = gi(pi*) - gi(p"), AC = Zicidgi(p) andAW = W(p) —W(p%/) (1 is the relevant unit vector).
The left-hand side of (1) implies that the follogirare necessary conditions for welfare
improvements: a) an increase in total outpd® € >;4q; > 0), if marginal cost is indeed the same
across markets (as in the classic problem); b)ceedse of total cogAC < 0), if total output keeps
constant (as in the case of linear demands: sdesaetion).

Consider now the following “Laspeyres” and “Paasqtréce variations for the representative
consumer:

ALp=iqi(p“)(pi*-p“), )
APp:iqi(pi*)( p*—p’). (3)

It is well known (see e.g. Deaton and Muellbau®B8QL chapter 7) thatdep = Av = -4, p, with strict
inequalities unless in the very special case af sebstitution effects, wheretv = v(p*) —v(p) is
the Hicksian equivalent variation. Thud,p < 0 is asufficient condition for a consumer surplus
(and then a welfare, in this setting) increasejeutiip < 0 isnecessary for such a resutt.

To illustrate the weakness of the output criterimomsider the case (dual to the one considered
by the classic literature) which arises if demahdse the same elasticity at the uniform pite
Intuition suggests that the monopolist should then willing to make prices to reflect cost
differences. Moreover, one can show that, if dersaar@_concavep'/ minimizes v(p) over the set
{p! Zigi(p) = Zig(p")}. Thus, any differentiated price vector actuallpsén by a profit-maximising
monopolist without decreasing total output (as it happens in the linear case) would actually
increase consumer surplus, and accordingly social welfémethe 2-goods case the situation is
depicted in Figure 1, whe#Q = 0 indicates the locus of prices which correspaiadthe same total
outputZ;gi(p"), andV = v(p"/) is the relevant consumer surplus indifferencer&uthe vectog(p“s)
= [ou(pY), g(p")] is orthogonal to the plandQ = O due to the assumption of equal demand
elasticities, while the price locud p = 0 just describes the tangent o= v(p"/) at p‘s. This
property of the uniform pricing might come as apsise, but it is just due to the substitution efifec

! While we restrict our attention to the case of oyolistic pricing, it is worth stressing that thgmeperties and the
bounds in (1) are completely general. Thus theylevapply as well to a setting (in which the assuomptof cost
differences would perhaps be even more naturaipgalifferent firms (imperfectly) competing acrassrkets.
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Figure 1: Uniform pricing witltoncave demands,
equal demand elasticites pt

P-
V = v(p"r)

a(p™r)

Ap=0

P.

The situation is less clear-cut if demands are eenfowever, consider the case in which
demands are isoelastic, i.e(p;) = k p,, withk; >0 andg > 1 ( = 1, ...,N).2 It can be shown that,
under the assumption of equal demand elasticisies4 i = 1,..., N), 4 p = O: see Bertoletti (2007:
Appendix B). Accordingly, in such a case monopdaligirice differentiation increases total output
(by demand convexityJQ = 0 must lie abovel p = 0), aggregate consumer surplus and welfare.
Indeed, one can also prove that, when elasticitieghe same at's, if the monopolistic departure
from uniform pricing is “small” and output does ri¢crease, a welfare improvement is generally
(whatever demand concavity) achieved: again sewB¢r (2007: section ).

3. Two linear examples

Following Varian (1985: pp. 873-4), one can shoattthe right-hand side of (1) can be written
(under monopolistic pricingliciAg/(s(pi ) — 1), withg(pi) = - g’ (p)pi/ai(pi), and that foconcave
demand functionglpp < 0 is asufficient condition for it being non negative. In fact, metcase of a
linear demand system the welfare bounds in (1) lecdlC > AW = -4pp. Thus, it turns out that we
can replace the invalid output test with the cheglof the price variationd p and4pp. Negative
value for those variations are indegdficient conditions (the latter requires demand concavity)
respectively for even a consumer surplus or jugeliare improvement. Note that their verification
does not need knowledge of either costs or elésséi

2 1t is known that in such a case price discrimmatunder a common marginal cost increases totgdutiusee e.g.
Aguirre (2006).

% It is worth noting that the actual computationtieése price variations is common practice in thigtries regulated
by price caps: see e.g. Armstrong and Sappingt@@7(2section 3).
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Of course, in the linear case one can computeribegpchosen by the monopolist: it is easily
obtained thap” = (Cov{c;,b} +a + bc)/(2b) andp;” = (& + bic;)/(2b), whereqi(p) = & - bip; (a,bi >
0,al/b >c¢,i =1, ..,N), Coc,b} = (Zich)/N — cb is the covariance betweenandb; across
markets, an@ = (Zig)/N, b = (Zib))/N andc = (Zic))/N are respectively the average valueapf;
andc;. Note that the previous expressions imply thataberage value obdp; = 4q; is null. Also
notice that ff - c¢) = a/(2b) - c/2. It seems impossible to draw general welfareckmions:
however, if the demand parameters are uncorrelgitbcthe marginal costs (perhaps the interesting
case), monopolistic price differentiation implid€ < 0 (unless there is no cost variability at all):
see Bertoletti (2007: Appendix C).

Example 1) A simple case arisesifo; is the same across markets, that is exactly tbe ica
which demands have the same elasticity at the umifiricep. In that casel{ - p;) = (G - G)/2
and thus the only reason for monopolistic pricdfedéntiation is to reflect the marginal cost
differences (in the classic setting with a margit@dt common across markets, one gétsp,” and
allowing price differentiation has no effect at)alAssuming that there exists some marginal cost
difference (no matter how small), it turns out thap = AC/2 < 0 and4,.p = O (see Bertoletti, 2007:
Appendix C): thus, monopolistic price flexibilftjncreases both welfare and consumers surplus.

Example 2) A special case arisesiib; - ¢ = 20,i =1, ...,N. In such a casdep = 0 (note that
cl(&@E)-1) =6 -c)=pi=1,..N);in fact, one can show thdC < 0 andAW = A2 = - Av >
0, unless there is no market variability at all gnd= p“s. The reason is simple: in this case the
Ramsey price vectqy satisfies the second-best conditions we mentiémesction |, and thup’
maximizes W(p) over the sefp| Q(p) = Q(p"/)}.> But, at the same tim@, minimizes v(p) over the
previous set, since it equalizg#g’ across markets. The situation is illustrated igufe 2 for the
two-markets case.

Figure 2: “Second-best” monopolistic price diffefiation
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* Notice the priceg; are discriminatory according to both definitions mentioned in section .
® However, pricep; are still discriminatory according to the Stigke¢1987) definition quoted in section .
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Without loss of generality, lgts* > p" > p,*, with w,s = 1,2,w # s. Pointsu, d, f indicate
respectively uniform pricing, unconstrained mondgiad pricing and first-best prices. We show
three iso-welfare loci (surroundirfy indicated byW and a single iso-profit locus (surroundidy
indicated by/7. Notice that thedQ = O plane is steeper than the relevant welfaresi@atu, while
they are tangent at (thusps — pw = Cs - Gy at that point). Also notice that poirdsand o coincide®
The linefd is the locus of the Ramsey price vectors. This alisstrates the potential conflict
between welfare and consumer surplus concernsit beguires a good deal of demand and cost
parameter cross correlation, which is hardly plalesi
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® with equal marginal costswould lie along the 45° line and and o would coincide. On the contrary, with equal
elasticities ap" (and different marginal costs) pouhtvould lie betweem ando and would welfare dominate
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