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REGULATION OF DUOPOLY: MANAGED COMPETITICON VS REGULATED MONOPOLIES

ABSTRACT

This paper discusses the regulation of oligopolistic differentiated
product industries. The regulator can control the prices, and impose quantity
restrictions, but cannot control effectively the quality choices of the firms.
We inquire about the optimal choice of regulatory regime--whether and under
what conditions managed competition or segmentation of the market between
regulated monopolies achieves better results.

In the spatial duopoly model analyzed here, unhindered competition will
generally result in an inefficient allocation. When the regulator knows the
technologies, optimal managed competition results in distortions of the
quality choice, but an optimal regulated monopolies regime achieves the first
best outcome. When the regulator is uncertain about the technologies neither
of these methods will yield the first best outcome. The regulated monopolies
regime still tends to produce better quality choices, but managed competition
tends to be more effective at extracting rents from the firms. The overall
comparison depends on some finer details of the environment.






REGULATION OF DUOPOLY: MANAGED COMPETITION VS REGULATED MONOPOLIES

1. Introduction

This paper discusses the relative performance of two alternative
regulatory regimes in a duopolistic differentiated product industry. The two

regimes are referred to as managed competition and regulated monopolies

respectively. A central feature of the industry under consideration is that

there is a quality dimension which due to information or enforcement problems
cannot be effectively controlled by the regulator. Consequently, in designing
the regulation over dimensions which the regulator can control, the indirect
effects on the provision of quality have to be taken into account as well. In
the managed competition regime prices are regulated but the firms are allowed
to compete over market shares through their quality choices. In the regulated

monopolies regime the market is divided into regulated monopoly sub-markets'.

The specific model analyzed here is a spatial duopoly model where the
two competing firms are located at the endpoints of a unit interval which
captures the horizontal differentiation dimension. The firms can compete in
prices as well as along a vertical quality dimension. In this environment the
total surplus generated by an allocation is fully determined by the manner in
which the market is divided between the firms and by the quality levels.
Unhindered competition between the firms will generally result in an
inefficient allocation which creates some scope for regulation. When the
regulator knows the cost functions and can impose lump-sum payments on the
firms the two regimes can be unambiguously ranked with respect to thelr
welfare performance. Optimal managed competition creates distortions in the

quality choices, while an optimal regulated monopolies regime achieves the



first best outcome., The superiority of the regulated monopolies regime is not
surprising. First, the regulator can impose directly the efficient division of
the market. Then, it can adjust each of the prices to induce the efficient
quality choices in each of the respective sub-markets. Finally, the optimal
distribution of the surplus can be implemented through direct transfers.

From this benchmark case the discussion proceeds to show that managed
competition might sometimes perform better when the regulatory framework
suffers from imperfections. The first imperfection is a limitation on the
regulator’s power to extract firms’ rents through lump-sum payments. In such a
case, if the regulator assigns higher weight to consumers’ surplus than to
firms’' profits, it may want to impose relatively low prices in both regimes,
Then the competitive pressures under managed competition may create stronger
inducements for quality provision and overall this regime might perform
better.

Another imperfection is the regulator’'s uncertainty about the firms'’
cost functions. It is assumed that, after the regulator decides on policy, but
before the firms choose qualities, they learn about each other’s costs. The
intention is to capture situations in which the regulator’s policy is
determined for a relatively longer period within which firms will learn
relatively quickly about each other. If the regulator places higher weight on
consumers’ welfare, none of the methods of regulation will yield the first
best ocutcome. To increase consumers’ welfare at the expense of firms’' rents
the regulator will distort the allocations away from their first best levels.
The managed competition regime tends to be more effective at transferring
rents from the firms to the consumers, while the regulated monopolies regime

tends to produce more efficient quality choices. It turns out that either of



the two methods might perform better: the regulated monopolies regime will
still be sometimes superior, but in contrast to the complete information
environment, managed competition will also be sometimes superior. With other
things equal the latter will tend to happen when the regulator assigns
relatively higher weight to consumers’' welfare.

This paper is not aimed at discussing a specific industry, and
consequently the model and analysis are not tailored to fit the actual details
of any particular industry. However, the issues discussed here are of
relevance for a number of regulated industries and the following concrete
examples might be useful in motivating the discussion. Hospital services are
differentiated by geographical location and also have important quality
dimensions which are difficult to regulate. Regulation can control only
prices, or supplement it by the the imposition of exclusive market areas
(which might be the case under future health care programs) and other quantity
constraints (an option which is exercised in practice through restrictions on
the number of hospital beds). The choice of the regulatory regime affects of
course the unmonitored quality dimensions and raises the questions addressed
here. Transportation industries offer another example. Competing modes such as
railroad and trucking offer differentiated services with important quality
dimensions which are hard or impossible to regulate effectively. Both managed
competition in the sense of this paper and segmentation of markets among
regulated firms, in the form of restrictions on routes and volumes, tock place
in this industry. The question of whether to assign exclusive market areas or
to regulate only prices while allowing competition are also relevant for the

public utilities and the telecommunication industries?.



Despite the importance of regulated industries which feature some
competition, the literature on regulation has focused mainly on monopolistic
industries. Two recent articles on regulation of oligopoly under complete
information and in the presence of an unregulated quality dimension like that
of the present model are Kamien and Vincent (1991) and Ma and burgess (1993).
Some recent articles have also started to address issues in the regulation of
oligopolies in uncertain environments. Anton and Yao (1989) consider split
award auctions in procurement which is of course a closely related subject.
McGuire and Riordan (1991) present a model of split award auction in which the
regulator auctions the right of serving the market between two firms with
unknown costs and has to decide whether to award the entire market to one of
the firms or split it equally between them. The part of the present paper
which discuses the regulated monopolies regime resembles their work though it
extends it by allowing a whole range of possible market shares and flexible
prices. Biglaiser and Ma (1993) consider a spatial duopoly model with similar
specifications to the one considered here. In their model the regulated firm
acts as a Stackelberg leader against its unregulated competitor. Their model
differs from the present one in its information structure, the nature of the
competition and the main questions they address. Anton and Gertler (1994)
consider a spatial duopoly set-up with elastic individual consumers’ demands
and focus on the tradeoff between market assignment and production allocation.
Shleifer (1985) and Auriol and Laffont (1992) discuss other aspects, yardstick
competition and sampling effects, which do not arise in present paper.

2. The Model

The basic model is a familiar duopoly medel of spatial product

differentiation to which we add a vertical quality dimension as well. A unit



mass of consumers are distributed uniformly along the unit interval. Two
firms, indexed by i=0,1, are located at either end. Firm i (i=0,1) sells
product i of uniform quality g* at a uniform price p*. Each consumer is
interested in getting one unit. The surplus derived by a consumer located at =z
from getting a unit of product i=0,1 is

V+ gt - t]z-i| - pt
It is assumed that V>0 and qie[O,m), so that consumers’' gross willingness to
pay for a unit of i, V+q', is positive even if g* is minimal. The parameter t
captures the utility loss ("transportation cost") per unit distance between
the brand in question and this consumer’s ideal brand.

Faced with prices p=(p°,p') and qualities q=(q°,q') each consumer will
demand a unit from the brand that yields him higher surplus provided it is
positive. Let x*(p',pd,q', q¥)=x!(p,q) denote the demand for product 1. (Note
that here and in the sequel we shall use un-indexed symbols p,q and x to
denote the corresponding two-component vectors). It is possible to distinguish
between a "monopoly” region in which the market shares of the firms sum to
less than 1 so that xi is the solution to V + q* - p* - tx* = 0, and a
"competitive" region where the entire market is served and x* solves

V+qt-text-pt=v+gd- e(l-x) - pl.
In the monopoly region the demand is x1(p,q)=(V+q®-p®)/t; in the competitive
region it is
(1) x (ph,pi, g, q") = (q'-gl+pl-piet) /2t

The cost function of firm i, ¢i(x!,q*), is increasing in both arguments,
convex and twice differentiable with ¢i,=0, The profit of firm 1 is
(2) mi(p,q) = p'x(p,q) - cH(x'(p,q),q")

Total (consumers’ plus producers’') surplus is given by



(3) s(x,q)=2(xt(V+g-txi/2)-cl(xt,q") ],
where here and subsequently ¥ stands for summation over i=0,1.

We restrict attention to demand and cost specifications with which the
surplus maxima and the equilibria to be considered subsequently are
"interior': the entire market is served, both firms are active and their
qualities are positive. This will avoid technical complications which are
tangential to the issues of this paper. The assumptions needed to achieve this
are that V is sufficiently large, that the marginal cost of each firm at
quantity 1 is sufficiently higher than that of the other firm at quantity 0,
and that the marginal cost of quality at level 0 is not too high®. Thus, from
now on, in the interactive scenarios, the demand will be identified with the
"competitive” branch of the demand curve as given in (1). The total surplus is
maximized at a configuration in which x'+x’=1 and the following first order

conditions hold

(4) _aasis qi-qi-ei(xt, gl )+ed (%9, i) +t-2exi=0
X
ds _ i fo.0 iy _ .

(57 ponae x' - ci(xt,qt) =0 i=0,1.
q

3. Competition and regulation under full information

3.A. Competition

The firms choose their price-quality combinations, (p*,q%),
simulataneously. An interior Nash equilibrium® (in which the entire market is
served, both firms are active and qualities are positive) satisfies the

following first order conditions.

(6) O™ — i v pi(axi/op) - ci(axi/apt) = %t - (p' - ef)/2t = 0

ap



(7) g_; = (pt - cb)(dxi/aqh) - cf = (p* - ch)/2t - b = 0

Condition (6) captures the usual mark-up of price over marginal cost in
imperfect competition. It can be rewritten as p'-ci = 2tx'. Substituting this
into (7) yields ci = x'. This means that the equilibrium q*'s also maximize
the total surplus, s{x,q), given the equilibrium market shares, x.

This property of the equilibrium ql's owes to the assumption that
consumers have the same valuations of quality. Since the firm can appropriate
through its price the incremental surplus of the marginal consumer associated
with a quality increment, the uniformity of the valuations implies that it can
also appropriate the incremental total surplus. Therefore, the incremental
profit profit associated with quality variations coincides with the
incremental surplus, and hence the maximizing levels coincide as well. (Spence
(1975) shows that a monopoly’s quality might be either lower or higher than
the optimal level when the quality valuations of marginal consumers differ
from those of average ones.)

Despite the optimality of the equilibrium quality, the equilibrium
allocation does not necessarily coincide with the surplus maximizing one. This
is because, besides proper quality choice, optimality requires an appropriate
allocation of the market shares, which in general will not arise under the

imperfect competition prevailing here.

Proposition 1: The equilibrium allocation need not maximize total surplus.

(I.e., it maximizes total surplus only for special choices of cost functions)
Proof: From (6), the competitive market shares satisfy

(8) 2txt = qt-gi+pi-pitt = pt - ci



In contrast, from (4), the optimal market shares satisfy
(9 2txt = qi-gd-ci(xi, qb)+ef (%, gi)+t
Thus, if the equilibrium xi's are optimal, then
pt - ¢i = pd - ¢ and hence xi=xI=1/2
The optimality of the equilibrium allocation therefore requires the following
two conditions.
(10) ed(1/2,q%) = 1/2 i=0.,1
(11) q*-qi-ci(1/2,q")+ci(1/2,9°) = O,
where (11) is obtained from plugging x*=1/2 into (9). Now, since (10) uniquely
determines the q''s, equation (1ll) holds only for special choice of cost

functions but not In general. QED

The intuition behind this result is straightforward. Let MBi=V+q!-tx’-ci.
This is the surplus generated by the unit sold to the marginal consumer of
product i. At the optimum MB!=MBJ, but it follows from (8) that at the
equilibrium MB'-MBI=(p* - ci)-(pd - cl). Now, if the cost functions of the two
firms are different, in equilibrium the more efficient firm--the one that has
a larger market share--also features a larger mark-up. This implies
immediately that the allocation of the market shares is inefficient--the
market share of the more efficient firm is too small.

Note that one of the special cases for which equations (10) and (11)
hold and hence the equilibrium allocation is efficient is when the two firms
have identical cost functions. One may obhject to referring to this case as
"special™ on the grounds that, in the symmetric model considered here,
identical costs may appear natural. The symmetry, however, does not play an
important role in the analysis beyond reducing the complexity of the
expressions. In a scenario with different products (e.g., railroading vs

8



trucking) there is clearly no reason to suppose that the cost functions are
identical. In the geographical differentiation scenario, where the case for
identical cost functions is more compelling, other sources of asymmetry such
as uneven distribution of the consumers over the interval would induce
inefficient equilibrium allocation in a similar way>.

3.B. Regulation

The possible sub-optimality of the equilibrium allocation creates a
potential role for regulation. The regulator’s objective is maximization of a
weighted sum of consumers’ surplus and firms’ incomes with weights 1 and (1-a)
respectively. Let T=(T?,T!) denote transfers from the consumers via the

regulator to the firms. The regulator’s objective then is to maximize

(12) wi{x,p,q,T) E[Xi(V+qi-tx?/2)-pixi-Ti]+(l-a)z[ﬂi(xi,pi,qi)+Ti] =

s(x,q) - ay[nt(x',pl,q)+T?]

subject to wi(x!,pt,ql)+Ti=0. If the regulator’s ability to impose transfers is
not constrained beyond the need to assure cost coverage, it can simply choose
Ti--xi(x!,pl,q'), and the objective coincides with maximization of the total
surplus s{x,q). Thus, in this part the parameter a plays no role, but it will
play a role in later parts.

If the regulator can fully control the firms' behavior, it will simply
enforce the welfare maximizing qualities and market shares. The basic
assumption, however, is that the regulator cannot directly control the quality
levels. The idea is that, even if qualities are observable, they might be
sufficiently difficult to verify so as to make their enforcement impractical.
Therefore, the regulator’s problem is to use the instruments that it can
control, such as prices and market shares, with the understanding that they

will affect the quality levels which are left at the discretion of the firms.



Managed competition

In this regime the interaction unfolds in two stages. First, the
regulator determines p=(p?,p!). Then, the firms compete over market shares by
simultaneously choosing quality levels, q'=q’(p). The regulator’'s problem is
(13 Choose p to maximize s(x(p,q(p)).q{p))

where qi(p) = Argmaxqiwi(p,q) i-0,1

The equilibrium qualities, q'(p), satisfy the first order conditions:

(14) ——a”ia(Pi’Q) - [pt - citxt,qi)}/2t - ci(x*,q)y = 0 i=0,1
q

The first order conditions of problem (13) with respect to p! and p? are thus

(15)  Zioale - o) B d - ep Iy a0 k0,1,
p

where .éﬂi and hence dx*_ dx*(p,q(p))_ 1 Ligi-éﬂi—l] are obtained from total
ap¥ dp¥ dp¥ 7t ap* apk

differentiation of (14).

Proposition 2: Optimal managed competition need not necessarily achieve the

welfare maximizing allocation. (I.e., it achieves this allocation only for
certain special choices of cost functions).

Proof: If this allocation were optimal, it would satisfy (5), x' = c}. This
together with the fact that (dx!/dpi)=-(dx’/dp!) imply via (15) that p®-cf =
pl-cl, From (14) we have pi-ci = 2tci. Therefore cf = ¢} = x® = x* = 1/2. The
first order conditions for the optimality of the allocation, (4) and (5), can
be once again written as (10) and (11). As noted in the proof of proposition

1, condition (10) already uniquely determines the gqt's, and so equation (11)

holds only for special choice of cost functions but not in general. QED

10



As noted following Proposition 1, in the unregulated equilibrium the
more efficient firm features a larger mark-up which implies that its market
share is socially suboptimal. To improve this allocation through price
regulation, the price differential between the two firms has to be widened:
typically the price of the more efficient firm has to be forced downwards and
the price of the other firm has to be forced upwards. But this implies that
the quality levels will not be optimal with respect to the new market shares

which emerge from the competition with imposed prices. Suppose that i's price

i . . ;
was forced downwards so that, in the new configuration, .ﬁfzle-(pl-ci)/2t>0.
3

i . , A
Since the quality choice is unconstrained Eyingﬂlz(pl - ¢})/2t-c3=0. It
C . q
follows that, ci<x! which means that q* is suboptimal, given the new market

share. Analogously, the quality level of the other firm is distorted upwards.

Repgulated monopolies

In this regime the regulator divides the market between the two firms
and regulates them as monopolies in their separate sub-markets. That is, the
regulator dictates a partition x=(x%,xY), x%x!1=1, of the interval such that
consumers located at [0,x°) can be served only by firm 0 and the rest only by
firm 1°. The regulator's problem is then
(16) Choose x=(x°,x!) and p=(p°%,p!) to maximize s(x,q(x,p))

where
gt (xt,ph) = Argmgﬂpiyi(xi,pi,q) - cHyr(xt,pt,a),q]) i=0,1

yi(xi, pt,ql)=Min{x} Max[(V+q*-p?)/t,0]}

Note that y'=x' is the actual market share of the firm. Though it will not
arise as the outcome, in principle, we could have y'<x*, so that some marginal

consumers elect not to buy.

11



Proposition 3: The optimal regulated monopolies regime attains the welfare

maximizing allocation.
Proof: Let %' and §* be the welfare maximizing market shares and qualities,
and let pi=V+§'-tk'. The assumptions on cost and demand (see footnote 3) imply

that [Pt - ci(®!,§%)]/t-ci(%',§")20. Therefore, g'(%',p*)=G* and hence the

imposition of %! and p' achieves the surplus maximizing allocation. QED

Note that the regulator can achieve the same allocation by imposing the
partition (X°,%!) while leaving the prices at the discretion of the firms. In
this case, firm i will anyway choose p' and hence g', since it can capture
through the price all the incremental surplus resulting from quality
improvements.

Propositions 2 and 3 together establish the superiority of the regulated
monopolies regime. This is not surprising, since the regulator has three
instruments to address the three dimensions of interest. First, the regulator
can impose directly the efficient division of the market. Then, it can adjust
each of the prices to induce the efficient quality choices in each of the
respective sub-markets. Finally, the optimal distribution of the surplus can
be implemented through direct transfers.

This conclusion may not hold when the regulator’'s ability to extract
firms' rents through lump-sum payments is limited. In such a case, if the
regulator assigns higher weight to consumers’ surplus (i.e., a>o0), it may want
to impose relatively low prices in bhoth regimes. Then the competitive
pressures under managed competition would create stronger inducements for
quality provision and overall this regime might perform better. This point is

illustrated by the following example,

12



Suppose that the regulator’'s objective is maximization of consumers’
surplus (i.e., a=1), Zxi(V+qi-tx!/2-p!), subject to firms' profitability
constraint ni(x!,p!,q*)=0, and that direct transfers are infeasible. Let
ci(xt,qt)=11/16+(x')%+(q*)? up to x'=0.6 (beyond which the cost rises very
sharply’), V=10 and t=1. Under optimal regulated monopolies regime x%=x'-1/2
and p®-p!=15/8. The induced qualities are gq°=q'=0 and the resulting consumers’
surplus is V-t/4-15/8=7.875. Under managed competition with prices pl=pl=2
(which are not necessarily the optimal ones) the market shares and qualities
will be x%=x'=1/2 and q%=q'=1/4. Thus, the firms’ costs are covered and
consumers’ surplus is V+1/4-t/4-2=8, which is higher than consumers’ surplus
under the regulated monopolies regime.

In this example, the optimal prices of the regulated monopolies regime
are set at the minimal level that allows cost coverage. The firms have no
incentive to provide more than quality 0, since at this level they already
serve their captive markets at the imposed prices. The regulator could induce
higher qualities by choosing sufficiently high prices. But the necessary
increase in prices will more than offset the contribution of the higher
qualities to consumers’ surplus. Under managed competition, however, higher
prices create stronger incentives for market share expansion and hence
intensify the quality competition. For an appropriate choice of prices, the
resulting quality increases more than compensate for the price increases

necessary to maintain the cost coverage.

4. Regulation under incomplete information

This section extends the model to consider another imperfection of the
regulatory framework: the regulator’'s incomplete information about the firms’
cost functions. The subsequent discussion in Section 5 points out that the

13



benchmark observation on the superiority of the regulated monopolies regime
might not hold in this environment,

4.A. preliminaries

Cost, profit and welfare: Firm i's cost function, ci(x, q*,41), is increasing
in all of its arguments, convex and twice differentiable, with nonnegative
mixed derivatives. The parameter #'€{0,1] captures firm i's private
information at the time in which the regulator chooses its policy. The #'s
are independent draws from a distribution function F with density f and such
that F/f is increasing. Also, for each realization of 9=(8°,41) all previous
assumptions on the cost functions hold.

The direct profit of firm i is
(17) ri(xi pt,qt,8i) = pixi-ci(xi,qi, i)
The total (consumers’ plus producers’) surplus is
(18) s(x,q,0) = y[x(V+gi-txi/2)-cl(xt,qb,0Y))
As before, letting T=(T°,T!) denote transfers from the consumers via the

regulator to the firms, the regulator’s objective is to maximize

(19) wi(x,p,q,T) Yixb(V+qt-txl/2)-pixi-TH+(Ll-a) ) [n* (x*, p*, ¢} )+TH) =

s(x,q,f#) - aE[ﬂi(xi,pi,qi,Gi)+Ti]

In contrast to the complete information environment, here maximization of (19)
is not equivalent to maximization of s(x,q,§), since the regulator's imperfect
information may limit the appropriation of firms’ profits.

The regulatory mechanism: First, the regulator commits to the relevant
schedules: in the managed competition regime it commits to price schedules
pt:[0,1]%[0,») and transfer functions T :[0,1]-R; in the regulated monopolies
regime it commits in addition to schedules xi:[O,l]Z*[O,w). Then, the firms

send simultaneously reports ¢! to the regulator, where o' is interpreted as a

14



report on §'. The reports determine the relevant magnitudes: prices
p(a)=(p°(o),p!(v)) and transfers® T(o)=(T%e%) ,T'(6!)) in the managed
competition regime, or shares x(0)=(x%0) ,x}(o)), prices and transfers in the
regulated monopolies regime. Finally, the two firms simultaneously choose

their q''s. Only piecewise continuous schedules are considered.

Firms' information: At the reporting stage, the firms do not know each other’s
#’s, but they are assumed to learn each other’s costs in the subsequent
quality choice stage. This scenario intends to capture a situation in which
the regulatory decisions are made for a relatively long period during which
firms learn each other's costs relatively quickly, so that most of their
interaction will be under conditions of complete information.
4.B. Managed competition under incomplete information

The regulator commits to schedules p(o)=(p®,p') and T(o)=(T?,TY) leaving
qualities and market shares to be determined in the subsequent competition.
The regulatory mechanism uses only the firms’ first stage information as
reflected in their reports o, although it is possible to design a mechanism
which exploits directly the firms’ superior information in the second stage by
having them report each other's costs later on. If the regulator can credibly
commit to sufficiently harsh punishments when these reports expose cheating,
such a mechanism can implement anything that can be implemented in the full
information case®. However, for a variety of reasons, like inability to
administer retroactive punishments based on non-verifiable information, such a
mechanism may not be a viable possibility and the scenario considered here
pertains to these cases.

Let q'(p,#) denote the equilibrium qualities arising in the competition

between the firms, given prices p and cost parameters §.

15



(20) q'(p,8)=Argmaxin®[x*(p,q*,q’(p,8)),pt,q", 0%]

That is, q{p,#) satisfy the following first order conditions

(21) afi[xi(f"g;fi’qi’ﬁi]= [p - ci(xi,q',8%)]/2t - ci(xt,qt,68%) - 0, i=0,1,
Substitute q{p,#) into x(p,q) and then both into {17)-(19) to get reduced-form
profit and welfare measures embodying the second stage equilibrium quality
choices. Ti(p,8)=xi(x*{p,q(p,8)),p',a*(p.6),8"), S(p,f)=s(x(p,q(p,¥)),q,f) and
W(p,T,8)=w(x(p,q(p.0)).p,q(p,8),T,8). The regulator's problem is:

Choose functions p and T to maximize Eg[W(p(#),T(8),6)] subject to

(IC) Egi(Mi[p(6%,83),6]) + TH(§Y) = Egi{l*[p(a*,6%),8]} + TH(e?) all gi,0%,1

(IR) Egs{Il*[p(d*,09),6])) + TH(6")= 0  i=0,1.
where the (IC) constraint guarantees that each firm reports §* truthfully and
the (IR) constraint assures that the firms want to participate. The following
claim reformulates this problem to make it more amenable to analysis. Its
proof is relegated to an appendix.
Claim 4: (i) The regulator’s problem is

(22) Choose functions p and T to maximize:

11 . . ; .
_ F(8')  dc* 3g _ac’ i j i
Eg[W 8),T(8>,#% = S(p,8)- _ - .+ _1YF(8*)YEF(82)dede?
s [W(p(8),T(8),8)] H[ (p.8)-aX e | s 51t 1L (ALY

Subject to the (IC) constraint:

dct dqd  dct dct gg? T
L[[ aq: 08% a3t ]dF(gJ)dgbﬂ[ aq* Bgi 891] | pep(n,g3ydF (8°)d8* for all n and v

(ii) The total profit (including the transfer) accruing to firm i when fi=p is

11
(23) Hi(n) = I[ ¢’ 3‘13 3¢y gr(g3)det
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dct 89, 8¢ hich appears in (22)-(23) consists of a
9q% 36 847

dect

The expression

direct cost effect

i
and an indirect "interactive" effect Fot

latter captures the indirect effect of 6* on i's profit through its effect on
j’s choice of quality. This effect owes to the assumption that, in the quality

choice stage, firm j can observe g1, Total differentiation of (21) yields

3
99°<0, i.e
a6t
invest less in its quality. Thus, the interactive effect moderates the rate at

a higher 4% makes firm i less competitive and hence induces j to

*

which i's profit falls in #*. This observation will be used later to argue
that the competition has a rent reducing effect.

4.C. Regulated monopolles under incomplete information

Here the interaction is conceptually simpler than under managed
competition, since following the assignment of market shares there is no
interaction between the firms. First, the regulator commits to schedules
x*:[0,1]%(0,1], p*:([0,1]%R and T':[0,1]-R. Then, the firms simultaneously
send reports o', which determine x(¢), p{o) and T(o) through the pre-announced
schedules. Finally, the qualities to be determined by the firms.

Let qi(xi,pt,d') denote i's profit maximizing q', given x!, p' and §'.
(24)  qf(x*,p',0%) = Argpax(p'y'(x,pl.qt) - cy*(x*,p*,q'),qh, 00} 1=0,1

where y'(x!,pt,ql)=Min{x! Max[(V+q'-p*)/t,0])}

Substitute q(x!,p',#') into (17)-(19) to get the reduced-form functions:
m(xi,pt, 68)=ni(p!,qt(x,8Y),%x%, 8, S(x,p,0)=s(p,q(x,8),%,0) and
W(x,p,T,8)y=w(p,q(x,p,¥),x,T,8). The regulator’'s problem is
Choose functions x, p, T to maximize E4[W(x(#),p(8),T(8),6)] subject to
(IC)  Egs{I[xi(8t, 03),pi(8%,69),8%)) + TH(6Y) =
Egitlli[x*(o®,09),p (0, 89),0%]) + Ti(gl) all ¢*, o', i=0,1.
(IR)  Epa(Ili[x(g%,83),p*(8%,69),6]) + TH(8) = 0 i=0,1.
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The following claim reformulates the regulator's problem.
Claim 5: (i) The regulator’s problem is

(25) Choose %, p and T to maximize

11 . :
F(§3) act iy FradyAaidad
Ew = [[[s(x,p,8)- 9C 1F(hiYF(03)dgrde?
M[ (.9, 0)-aF gz Sor 1EEDE(6)

Subject to the (IC) constraint:

"laci ' i "1aci ; i
I E?-i-dF(!i”)cw‘a-ﬂ | extn. 633 mp(n. 93, 4P (83 81 for all n and v,

gt
(ii) The total profit of firm i when f'=g is

11 .
(26) Hi(n) = I‘;_‘;;dF(Bj)dﬂi

The proof is relegated to the appendix. It is important to note that the
fact that the regulator controls here both x and p, whereas under managed
competition it controls only p, does not mean that any configuration which is
implementable under managed competition can be implemented here as well.
Technically, this would be true if problem (25) allowed the regulator not to
specify x, but this is not the case here. For example, if for each ¢ the
regulator imposes the p(#) of the managed competition and the x resulting in
the equilibrium of that scenario, then the resulting qualities will be
different (lower) than under managed competition, owing to the lack of

competition.

S. Managed competition or regulated monopolies

The regulated monopolies regime is preferable in the full information
environment because it does not distort the quality choices of the firms away

from their first best levels, This will still be true in some cases under
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uninformed regulation. But now, besides quality provision, effective transfer
of rents is also important, since under asymmetric information the transfer of
rents from firms to consumers cannot be accomplished anymore in a non-
distorting manner. Managed competition might be more effective in extracting
rents from the firms under asymmetric information, since to some extent rents
would be dissipated by the quality competition.
The expressions for the rents under the two regimes capture the above

intuition to some extent. From (23) and (26), when fil=p, firm i's rent is
L[ BC% an ge’ IL 1dF(43)df* under managed competition, and it is Ilac dr(§3yde*

aqt 36* 387
under the regulated monopolies regime. The comparison between these
expressions is not straightforward, since ¢! in the first expression is
el(xi{p(8) , qp(8),8)],9*(p(8),0),6%) while ¢’ in the second expression is
ci(xi(8),qi (x(8),p*(8),0%). What can be said is that, if the market shares and
quality levels of managed competition were implemented in the regulated

monopolies regime, the informational rents of the firms would be higher. This

is because in this case the rents under the two regimes differ by the term

Igcl gz dF(83)dg! which is negative since gq =0. The following proposition
q

establishes that the resolution of the tradeoff between better quality
provision and more effective rent extraction can go in either direction

depending on the weipht assiegned to consumers' welfare in the regulator's
P 4 g g 29

objective.

Proposition 6: (i) For sufficiently small o, total welfare under optimal

regulated monopolies regime is higher than under optimal managed competition;
(ii) For sufficiently large a, there are cases in which the reverse is true.
Proof: (i) Let xi(#%,6%) and pi(#',§9) denote the solution to the regulated

monopolies problem under complete information. As we know from propositicen 3,
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these magnitudes give rise to the first best allocation. Total differentiation
of the appropriate version of condition (&) gives that x3(#*,67) is non-

increasing in #*. This together with the IC constraint of (25) and the fact

Eiﬁ%%iao imply that xi(#',6) is implementable under incomplete information as
X
well. The total welfare achieved by implementing this schedule is equal to the

expected full information first best minus a term capturing the firms' rents
multiplied by a. Thus, when a is sufficiently small, the total welfare under
this scheme would be higher than under the full information managed
competition and hence under incomplete information as well.

(ii) Consider the example ci(xi,q!,8%) = ¢*x* + c(x?)? + k(q")?, which is fully

analyzed in Section 6. In this example jkﬁggﬁil = - c/[t(4kt)?+8ket], and so

managed competition has the potential of reducing the firms’ rents. Using the
expressions derived in Section &, direct calculations for % uniform on [0,1]
yield the following observations. For ¢=10, t=k=1 and o near 1, welfare under

managed competition is higher than under the regulated monopolies regime. QED

a near 1 means that the regulator values mainly the consumers’ surplus
and assigns little value to profits, while @ near 0 means that consumers’
surplus and firms’ profits are essentially weighted equally. It is therefore
not surprising that managed competition which is more effective in rent
extraction performs better when a is larger,

Recall that, under managed competition, in the quality competition stage
firms are more informed about each other’s costs than the regulator is when it
makes the decisions. As noted earlier, the regulator is precluded from using
this information directly in a mechanism that punishes deviators
retroactively. In a sense, by letting the firms compete, the regulator

indirectly uses their superior information in the later stage. To understand
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how the firms' second stage information works to reduce the rents, consider an
alternative scenario in which the firms continue to be uninformed about each
other's costs in the quality competition stage as well. Here qi=qi(p,#*?) does
not depend directly on #J. Consequently, if p is "revealing” (p(8*,83)=p(8t,83)
for all 6% and #3=33), then firm i's rent when #'=n (the counterpart of (23))

11
is now II%%;dF(Ej)dﬂi. If a revealing price schedule is implementable in beth

scenarios, then the firms’ rents are higher when they remain uninformed {the
11 .
i 5gd . .
difference between the above term and (23) is Igci.%%de(BJ)dﬁlsO).
q 1
Intuitively, when firm j does not learn the true g% directly, firm i has a

stronger incentive to exaggerate its report of 1. This is because, in
. N
equilibrium, firm j would infer a higher #* and since '%%TSO would choose a

lower g’ than it would if it knew the true . The lower g’ relaxes the
competition faced by i1 and increases its profit. Hence, to be kept truthful,
the firms are compensated with larger rents in this scenario and in this sense

the firms’ second stage information is rent reducing.

6. A fully solved example

This section derives closed form solutions for the casel®

ci(xt,qh,8t) = #ixt + c(x})? + k(q')?  where 4kt>1.
System (21) applied to this case yields
ql(p,8) = [pi(4kt2+akct+c)-pic(Akt-l)—4kct2-2c2-(&kt2+c)ei—c93]/{t(akt)2+8kct]
Consider first the complete information case. Let the subscripts ¢, w and m
refer to unhindered competition, welfare maximum and managed competition
respectively. Let A = [(4kt)2 + 2kt - 1 + 4ke]. From (6)-(7), (4)-(5) and (15)
i 1, 8360 3

2k(t+c) (83-6%) . xi = 1, k(83-8%)

fio+t+

e = 7% TIkc+8ke-2° Pe = okc+bke-1 N _E+GEE+ZEc—['
c_ 1, (83-6h) b giags 2ck(83-07) oo 1, k(8I-6%)
Qw Tk Tkt+8kc-2 '’ Pw Tkt+hke-1 ' w T Tkc+dke-1'
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i 1 gi-g%, i
&= zg*—7x > Pm

2kt2"’C - C ](63_91);

i
MRS e oy A

X = leﬂ (bkt)2-2kt+bke

rearoya — ()

From Proposition 3, the regulated monopolies regime yields xi and q} as well.

If i is the more efficient firm, #i<#d, then x! < x} < x}. That is, i's
market share in the unhindered competition is too small from a welfare point
of view. Managed competition improves the allocation in this respect by
inducing a market share x} larger than x; (though still smaller than 1y, but
this comes at the expense of distorting the provision of quality. Under
unhindered competition q! is optimal given xi, which means q=x{/2k.Under
managed competition, however, i's quality is suboptimal, q;<xg/2k, while the
quality of the less efficient firm is too high given its share.

Consider next the incomplete information environment. Let the subscript

"um" (uninformed managed competition) index the solution to problem (22).

pi = cepiera] 2KEPC L C 1igspiyag 2kt?+c 2kctsbke? o1 FC8Y) _F(8Y)

(t+2cYA t+2¢ (E+2¢)A t((4kt)Z+8ke) £(8%) f(49)
i 1, gi-gt ket +2ke? tke-1,, F(8Y) _F(§9)
W 7 A " Tk Treke) T ZA ) L E(en) 18T

i o Ly (8ke)2-2kevbke | g5 iy, a(4ke-1) 2ket+bke? e _q7 F(8) _E(8Y)
F(09) £(8%)

um= J(t+IC)A 2(c+2c)A " t((Lkt)2+8ke)

qi., pi,, xi, differ from their perfect information counterparts, qi, Pa,
F(8') _F(8%)

£(6%) f(49)
between total surplus generation and the appropriation of rents from the

x. by a term which depends on This term reflects the tradeoff

firms. Since F/f is an increasing function and 4kt>1, 6i<§J implies that py, <

i

pi and xi, > xi while pi, > pd and xj, < x3. Since xj<x}, it is possible that Xim
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will be closer to xi than x. is. But this does not mean of course that
uninformed regulation yields better allocations. On the contrary, the
efficiency gains from a larger market share are outweighed by a more
significant distortion of the quality: qi, is lower than qi which is already
suboptimal even relative to a smaller share. The source of this added
distortion is the regulator's interest in transferring rents of the firms to
consumers: a relatively low price for the lower cost firm, reduces the
profitability of the higher cost firm and hence the informational rents.

Let "ur” index the solution for uninformed regulated monopolies regime.

i = 1+ k(83-9%) + ak [—'—F(Bj) "_F(gi)
ur  J  Tke-1+Lkc ZTke-1+4kc f£(gd) F(8%)
i 1 .\ Hj_gi N s [F'(Hl) _F(BJ)
Qur Tk Gkt +8kc Lki-Z+8kc F(1) F(84)

From (24) pi=V+qi,-txi.. If #i<f?, then xi,>x;. Here too the source of the
distortion is the regulator’s interest in transferring rents from the firms to
consumers. A relatively larger share for the lower cost firm, reduces the
informational rents. As in the complete information regime, qi. is optimal
given xi_ . Therefore, the welfare losses are just due to the distortion of the

allocation of market shares.

7. Conclusion

In regulating oligopolies the regulator has to decide on the framework
within which the interaction will take place. Two natural alternative
regulatory approaches were examined above: managed competition and the
regulated monopolies. When the regulator is completely informed, the latter
regime performs better in implementing the desired combination of market

shares and quality levels. So, when the distribution of the surplus is not an
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issue, this regime generates higher welfare. But when the regulator assigns
higher weight to consumer surplus and its ability to make direct transfers
between the firms and the consumers is limited, managed competition would
sometimes perform better. When the regulator is incompletely informed but
firms are better informed about each other than the regulator, the regulated
monopoly regime might still be more effective in quality provision but managed
competition is more effective in transferring rents from the firms to
consumers. Either of regimes might perform better. When consumers’ surplus 1is
weighted relatively heavily in the regulatoer’s objective, managed competition

would tend to perform better.
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Appendix

Proof of Claim 4:

Let hi(gi,4?) denote firm i's expected income when it reports ol while its true
parameter is #', provided that firm j reports truthfully,
hi(el,6%) = Egitlt[p(ot,63),0]) + Ti(o),
and let Hi(4') = hi(gi, 4%). The regulator’s problem is
(al) Choose functions p and T to maximize Eg[W(p(8).T(8),6)]
Subject to

(1C) hi(gt,s'y = hi(et,0) all g%, o, i=0,1.

¥

v

{IR) hi(g*, %) 0 i=0,1.
The following claim will allow to reformulate problem (Al).
Claim Al: (i) If the functions p and T satisfy IC and if p is pilecewise

continuous, then H! is differentiable almost everywhere and

11 . . .
- i dct dgt  dct -

A2 H* = H'(1 + dr(97)yds*

(A2) (n) = Hi(1) + ‘[I{qu LA

(ii) The IC constraint in (Al) is equivalent to: For all n and v,

nl
dct dgi | dct i dct dgd ) ; i
e lI[ aq* 631 367 ErE >JI[ ag* 331 391]|P=pnueJ)dF(BJ)d91

(iii) The IR constraint in (Al) is equivalent to H*(1)20.

Proof of Claim Al: Part (i): Let Ci(p,8%,6%)=ci({x'[p,q(p,8)],q*(p.8),6*]. That

is, Ci(p,#*,8d) is the cost incurred by i when the prices are p and the cost

parameters are §=(f',87). Observe that

hi(n,n)-hi(n,v) =

1 ;
IL§E[qi(P,n,ﬁj)-qi(P,V,ﬁj)-(qj(P,9j.n)-qj(P,9j.V))]-[Ci(P,ﬁ,Gj)—Ci(P,V,ﬂj)UdF(Hj)
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where p=p(n,6%). Similarly, h*(v,n)-h*(v,v) is given by the same expression
but with p=p(v,89).
It follows from the IC constraint that
hi(n,n)-hi(n,v) = Hi(n) - () = hi(y,n)-hi(v,v)
Dividing through by n-v and taking the limits of the RHS and LHS as v
approaches n we get that where p is continuous at 5, these limits are equal.
Therefore, H! is differentiable at n and the derivative is equal to these
limits,
. 1 . . . . . . 1 - . .
0 -2 -0 S 022D S8 S

1 . R .
:-I[ 8¢’ 39°, 871 4p(g9)

3q: 56° ad*
where p=p(n,89), q=q(p,n,8%) and @#i-n. Expression (A2) is now obtained by
integration.
Part (ii): IC is equivalent to
Hi(v)=hi(v,v)zhi(n,v)=hi(n,n)- [hi(n,9)-hi(n,v) ]=H (1) - [hi(n,7)-hi(n, )],
which is in turn equivalent to
Hi(v) - Hi(n) > hi(n,m)-hi(n,v).
From (A2), H'(v) - H'(n) is equal to the LHS of (A3). By direct derivation,
hi(n,n)-h*(n,v) is equal to the RHS of (A3).
Part (iii): hi(l,6%) - H'(Ll) = E@3{I'[p(l,6%),9]1-T[p(1,89),1,8%]} =

:[[j[ani(p(l’ﬁj)’”dﬁildz«"(m)

FTE
Now OW(P(1,67),8) [,i(1 giy-8¢) 8% 89 _3c  prom total differentiation of
ETE 3x' 5q0 361 84°

21y, %50. Therefore, BHI(P(alg'f”'“so implying hi(L,68%)=Hi(1). This

together with IC yields H!'(4*)=H'(1) and so H¥(1)20 is equivalent to IR. O
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Using (A2), the expected welfare measure EW can be rewritten as

11
(a4) EW = Eg[S(p,8) - alHi(4D)] = I [S(p,8)-aY Hi(81) |dF(6)dF(63) =

F(§%) , 3¢t an act i "
S ¢ F(OVYF(HI)dotdgi- H*(1
,[[‘p)“zm)aqaex 22 NEGHEED aY HH(1)

where the last equality follows from integration by parts. Clearly, at the
regulator’'s optimum Hi(1)=0. Therefore, part (ii) of Claim Al together with
(A4) yield part (i) of Claim 4, and part (i) of Claim Al gives part (ii) of

Claim 4. QED

Proof of Claim 5:

As before, let hi(g®,#') denote firm i's expected income,
hi(ol,8%) = Egi(II*[x!(ot,89),p (at,8%),6%)) + Ti(o)
and let Hi(#') = hi(8%,6'). The regulator's problem is
(A5) Choose functions x, p and T to maximize Eg[W(x(8),p(8),T(8),8)]
Subject to

(1IC) hi(gt,4t)

v

hi(ot,8?) all #%, o', i=0,1.

(IR) hi(gt, 8%)

v

0 i=0,1.
The counterpart of Claim Al above is
Claim A2: (i) If x, p and T satisfy IC and if x and p are piecewise

continuous, then H! is differentiable almost everywhere and
1L
(A6) Hi(n) = Hi(1l) + JI%dF(ej)dﬁi
{(ii) The IG constraint is equivalent to
ni . nl .
dect j i dct . ) ; i
(A7) L[WdF(BJ)dG Zﬁaei | eoxn 653, p(n, 03, dF (89)d65  for all # and v.

(iii) The IR constraint is equivalent to H'(1)=0.
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Proof of Claim A2: Part (i): The proof of this part is analogous to the proof

of part (i) of Claim 4. It follows from the IC constraint that
hi(n,n)-hi(n,v) = Hi(n) - HB(¥) 2 hi(v,n)-hiy,v)

Dividing through by n-v and taking the limits of the RHS and 1HS as v
approaches n we get that where x and p are continuous at 7, these limits are

equal. Therefore, HY is differentiable at n and the derivative is equal to

these limits 9i (’7)— [(pi- y*_dctydqt act ]dF(BJ)—— dF(BJ) where y*
6 agt aqf a4’ a8t
is defined in (24), x=x(1n, 93) q= q(x p(n,éj) n §3) and fi=p. The second

equality in the above chain owes to [(pi- 8 i) gyi dc? ] gg =00, which follows
, q* 9q° '
from the fact that ' maximizes i's profit. Expression (A6) is now obtained by

integration.
Part (ii): The proof of this part is identical to that of part {(ii) of Claim
Al, except that the references to (A2) and (A3) should be replaced by

references to (A6) and (A7).

Part (iii): Since

gc >0, H' is decreasing and hence the result. 0O

Using the claim and integration by parts, the expected welfare measure

EW can be rewritten as

11
(A8) EW = Eo[S(x,p,0) - ayH!(81)] = II[S(x,p,ﬁ)—azHi(ﬁi)]dF(Bi)dF(GJ)

H [S(x,p,8)-aY F("i) g;l]f(a YF(89)dB dgI-aY H(1)

Clearly, at the regulator’'s optimum H*(1)=0. Therefore, part (ii) of
Claim A2 together with (A8) yield part (i) of Claim 5, and part (i) of Claim

A2 gives part (ii) of Claim 5. QED
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Footnotes

1. If the differentiation space is geographical, the implementation of the
regulated monopolies regime involves the assignment of exclusive market areas;
if it is some other characteristics space, the implementation of that regime
involves quantity restrictions.

2. The public utility case does not fit exactly the present model, since
distance does not affect directly consumers’ utility but rather firms' costs.

3. Define Q' by ci(1,Q')=1. The following conditions are sufficient for all
the equilibria and the welfare optima to be interior: ci(x,0)=0, V>2t+ei(l,QY)
and c{(0,0)<t-Q'+ci(l,Ql), i=0,1. For appropriate choice of the parameters,
these conditions are satisfied by the quadratic example analyzed in Section 6.

4. The assumption on cost and demand together with cz>(1l-2cy,) /4t are
sufficient for existence of such an equilibrium. Under these assumptions, i's
profit function is concave in (p',q'). If we require p!,q'sM<w, then by a known
theorem (see Theorem 3.1 in Friedman (1990)) this game has a Nash equilibrium
in pure strategies. The conditions in footnote 3 imply that the equilibrium
must be interior. It is immediate that, if V is large, this is still an
equilibrium when M==. Uniqueness of the equilibrium is not guaranteed.

5. When the two cost functions are the same, the allocations of profit maximum
and surplus maximum coincide only if the total mass of consumers in [0,1/2] is
the same as in [1/2,1]. But this of course need not be satisfied by an
arbitrary uneven distribution of consumers over the interval.

6. In the product differentiation scenario the quantity is imposed rather than
the specific assignment of the consumers, but it is still the case that the
consumers served by firm i are those who prefer its product more intensely.

7. Note that this function does not satisfy all of the technical assumptions
we imposed earlier, but it still permits to solve the problems at hand.

8. Since T! enters directly only i’'s payoff and the firms are expected profit
maximizers, nothing is lost by assuming that T' is a function of o' alone.

9. In the first stage each firm reports its cost parameter and the regulation
is implemented as in the full information case. Then the firms report (8!, 4%)
simultaneously in the second stage. If these reports do not match, they are
punished harshly; if these reports match and they indicate that i lied in the
first round, then i is punished but not as heavily as when the reports do not
match. An appropriate choice of punishments will clearly make truth telling an
equilibrium.

10. Although some of the expressions derived with this example are rather
cumbersome, it is difficult to imagine a simpler example which satisfies the
model’s assumptions and captures all the different points mentioned
throughout.
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