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1 Introduction

The rent-efficiency trade-off implies a welfare loss in a principal-agent relationship with
adverse selection. Usually, this result is derived for simple bilateral negotiations between,
for instance, a firm or its owner (principal) and one manager (agent). Moreover, there
generally is no interaction on the output market.! However, pure monopolies, perfect
competition or a constant demand per firm are rare market characteristics. Instead,
”(o)ligopoly is pervasive in our daily live” (Head and Spencer, 2017, p. 1415).

Therefore, in this paper we study an adverse selection problem in an oligopolistic
market. We show that the characteristics of the output market can fundamentally affect
the rent-efficiency trade-off. More precisely, welfare with asymmetric information can be
higher than welfare, which results in a setting with perfect observability of a manager’s
type. This is because in an oligopoly the contracts offered by the owner ensure that
the output of the low-cost manager increases in a setting with asymmetric information
in comparison to a world with perfect observability. This response is in contrast to the
usual result of no distortion at the top, which arises in a world with a single principal. It
comes about because the informational rent declines with the number of firms. As it is
standard, output of the high-cost manager falls. The net impact on expected aggregate
output is negative. Moreover, the variance of aggregate output is higher in a setting with
asymmetric information. These two effects - lower expected aggregate output and higher
variance - imply a reduction in welfare, relative to a setting with perfect observability.
However, the greater spread between the output produced by a high-cost and a low-cost
manager results in a fall in expected production costs. This welfare-enhancing effect of
a more efficient production in a world with asymmetric information can outweigh the
welfare-reducing effects if the share of low-cost managers is not too high and the overall
number of oligopolists exceeds a threshold level.

As the above reasoning clarifies, our analysis is primarily related to studies that inves-
tigate adverse selection in oligopolistic markets.? Piccolo (2011) focuses on entry decisions

in a Salop (1979) type model with asymmetric information and derives conditions under

ISeminal papers are Stiglitz (1977), Guesnerie and Laffont (1984) and Demski and Sappington (1984).
ZPerfectly competitive markets have been studied, for instance, by Hart (1983), Scharfstein (1988)
and recently by Pouyet et al. (2008) and Guerrieri et al. (2010).



which greater uncertainty makes entry more costly. Etro and Cella (2013) investigate the
effects of competitors on incentive schemes and R&D investment decisions. Bonazzi et al.
(2020) analyze manufacturer-retailer hierarchies and compare the welfare consequences
of different vertical price restraints under asymmetric information.® Furthermore, given
that there is ex-ante uncertainty about productivity, our analysis features mechanisms,
which are also present in investigations of the effects of price (or cost) uncertainty in the
tradition of Waugh (1944), Oi (1961), and Massell (1969). Finally, one of the channels af-
fecting the relationship between welfare and the number of firms is also present in analyses
of excessive entry in Cournot-oligopolies, which build on the seminal contributions by von
Weizsicker (1980), Mankiw and Whinston (1986) and Suzumura and Kiyono (1987).* In
contrast to our analysis, none of the contributions mentioned above compares the welfare

effects of different informational structures in an oligopoly.

2 The Model

2.1 Set-up

There is an exogenously given number of n firms, which compete in a Cournot-oligopoly.
Each firm is owned by a (male) principal. Lacking in managerial expertise, production is
only feasible if the owner delegates governance of the firm to a manager (a female agent).
We index owners and managers, who are both risk-neutral, by ¢ = 1,2,...,n. Owners
incur sunk costs F, F' > 0, to settle productivity. Each unit of effort, which a manager
provides, generates one unit of output, q.

To obtain closed-form solutions, the (inverse) demand schedule is linear, P(Q) =
a—>b@), with P being the price, a the choke price, and b a positive parameter. Total output
is denoted by @ and consumer surplus is given by C'S = bQ?/2. A manager’s outside
options is, for simplicity, normalized to zero. As the measure of welfare, we employ the

sum of expected profits of all n firms, expected consumer surplus, and expected utility of

3There are also some studies that scrutinize the implications of adverse selection in duopoly and,
consequently, cannot consider the effects of the number of firms, which play a decisive role in our analysis
(see e.g., Martimort, 1996, Piccolo and Pagnozzi, 2013).

4Mukherjee and Tsai (2014) consider the excess entry proposition in the presence of managerial dele-
gation. However, they neither incorporate adverse selection nor consider the welfare impact of delegation.



all n managers.

A manager’s utility equals the wage w minus the costs of production #g. The probabil-
ity that a manager has low marginal costs is Pr[f = 0] = v and the converse probability
is Prl0 =0l =1-v,0€{0,0},0>0,0<v <1 Weassume that types are uncorrelated
and we denote the spread between marginal costs by A8 = 8 — §. For each owner and a

f-type manager, in realization, profits m; and utility U; are:

mi(wi(0), q:(0), Q) = (a — bQ)q;(0) — wi(0) — F, (1)

Ui(wi(0), q:(0),0) = wi(0) — 0g:(0). (2)

We consider two informational structures: The first presumes that the owner can
perfectly observe his manager’s type and, hence, conditions the contract he offers on her
productivity. In the second setting with asymmetric information, marginal production
costs are private knowledge of the manager. The timing is as follows:

1. Managers realize their type.

2. Each owner meets one manager and offers her a contract, i.e. determines the incen-

tive scheme.

3. Each manager decides about the offer. If she accepts, the contract is executed. If

the manager declines, she receives the outside option of zero and the owner incurs
a loss of F.

4. All firms that have hired a manager compete in quantities in the product market.

5. Payments are made and profits are realized.

For both informational structures, we study a Bayesian Cournot-Nash equilibrium, in
which each firm ¢ has a belief about the aggregate output produced by all other firms,
;. Given that types are uncorrelated, knowledge of the own manager’s type does not
provide a firm with information about marginal costs of other firms. From firm ¢’s point of
view, in expectation (n — 1)v other firms are matched with a #-type, while the remaining
(n — 1)(1 — v) firms employ a f-type manager.

Focusing on a symmetric (separating) equilibrium, in which firms of the same type



offer identical contracts, expected output of all other firms is:

Eo[Q-i] = ) Elg;(6)] = (n — D)[vg + (1 — v)q],

i -

where ¢ £ ¢(0) and § = ¢(0) is used to simplify notation. Owner i’s expected profits are:
Eo[mi] = v[(a — by, — bEy[Q—i])q, — w;] + (1 —v)[(a — bq; — bEy[Q—i])q; — wi] — F, (3)

with w; = w;(6) and w; £ w;(f). Since firms are (ex-ante) identical, we subsequently omit
the index 7. Moreover, we restrict our analysis to the case of strictly positive quantities
and thereby implicitly assume that the choke price a is sufficiently high to ensure that no
owner opts for a shut-down policy if he is matched with a high-cost manager.

Each firm stochastically produces ¢(f). Thus, the aggregate quantity is the sum of
n ii.d. random variables, such that Ey[Q] = nE[g(0)] and Vary[Q] = nVar[q()] hold.

Expected welfare W is:
Eo[IV] = Egl(a — 2Q)Q — nfq(6) — nF). (1

To better highlight our result, we decompose expected welfare, making use of the variance

identity Varg[Q] = Eg[Q?] — Eg[Q]?, and obtain:
Eo[Q] b
Ey[W] = /0 P(t)dt — §n\/ar[q(8)] — nE[0q(0)] — nkF. (5)

The first two terms of (5) would equal the society’s expected surplus if there were no
costs. In particular, the second term is the surplus reduction due to the variability
in output (Shapiro, 1986). The expression clarifies that, other things being equal, the
variance in aggregate output increases consumer surplus by less than it decreases the
firms’ expected aggregate revenues. The third term in (5) describes expected production
costs, which also vary with the spread between quantities. The final term delineates total

sunk costs.> Notably, an increase in the spread between the quantities could result in a

5An alternative expression for expected welfare can be obtained by adding and subtracting the term



more efficient use of resources and, thereby, enhance welfare. Other things being equal,
a rise in the quantity provided by low-cost managers and a fall in the quantity of the

high-cost managers reduce expected production costs.®

2.2 Perfect Observability

Under perfect observability, denoted by the subscript p, an owner observes the type of
the manager that he is matched with, before a contract is offered. Each owner maximizes

(3), subject to the participation constraints
U (w(6),9(6).6) = w(®) — 6a(6) >0 Ve (6.7}, PC(9)

The wage compensates for the cost and, therefore, the manager is left with her reservation
utility level of zero. The output choice equalizes marginal revenues with marginal costs.

This yields:

Lemma 1.

Under perfect observability, quantities, expected aggregate output and expected price are:

_a—90 (1—n)(1—wv)
G hirn)  Witn) D

a—~0 (1—n)v

D=y rn) 2t n)M’ (®)
BlQ)] = S ©
Bl = 23000 (10)

Proof Lemma 1.

See Appendix A.1.

nE[0]E[¢(#)] in (5). This leads to a decomposition reminiscent of Shapiro (1986):

Bo[W] = (o — S nElq(6)] ~ BIO)nElq(6)] — gnVarlg(6)] + n(EWIEIa(6)] ~ El0a(6)) —nF.  (6)

In (6), the first term equals the surplus for society if marginal costs and the quantity are non-stochastic
and equal to their respective means. The third term is the negative covariance between the output of the
firm and the marginal costs of the manager a firm is matched with.

6The fact that a higher variance of output raises expected profits is well-established. See, for instance,
Bergstrom and Varian (1985) in Cournot settings and Waugh (1944), Oi (1961), or Massell (1969) for
the basic idea focusing on price variability.



Since managers obtain zero utility, expected welfare is given by:
Eo[W,] = nEg[m,] + Eg[C'S,]. (11)

Substituting in accordance with Lemma 1, and decomposing expected welfare as in (5),

we can express Ey|WW,] as a function of exogenous parameters and the number of firms, n:

n(a — 0 +vA0)(a(2+n) +nE[0]) nv(l —v)AH?
Eo[ Wy (m)] = 20(1 + n)? B
—_—
5 Varg[Qp(n)]

(a—04+vADEH]  v(l —v)AH?
_”( N )_”F'

expected cost E[0gp (0, n)]

J/

Expected welfare is strictly concave in n as there are two countervailing effects. On
the one hand, more firms intensify competition, such that expected aggregate output
and, therefore, the first term in (12) rise. Moreover, expected variable production costs
decline. Inspection of the first and third terms in (12) clarifies that the resulting increase
in expected welfare is not linear in the number of firms, but becomes smaller the more
oligopolists there are. On the other hand, the variance in output increases in the number
of firms, n. The net impact of a higher variability in output on welfare is negative.
Furthermore, each competitor incurs the fixed costs, F', of settling productivity. The
effects captured by the second and fourth terms in (12) imply a welfare reduction, which
increases linearly in the number of firms. As the number of competitors grows, the benefit
for the society resulting from higher expected output and lower expected production costs

can outweigh the detrimental impact due to a greater variance and higher fixed cost.”

2.3 Asymmetric Information

In the presence of asymmetric information, denoted by the subscript a, a manager’s type
is private information when the owner offers contracts. Each owner defines a mechanism

(q(0),w(0)), which entails a transfer w for the observable and verifiable output. By the

7A similar trade-off is underlying the determination of optimal entry in the settings considered by, for
example, Mankiw and Whinston (1986) and Suzumura and Kiyono (1987).



revelation principle, we analyze a direct revelation mechanism where managers truthfully
reveal their types.

Formally, owners maximize expected profits, as defined in (3), by choosing wages and
quantities, subject to the participation constraints of managers (PC(f)) and the incentive

compatibility (IC) constraints

U(w(®),q(8),0) =U (w(0),q(0),9), 1C(9)

U(w @ .00).9) > U (a(0).0(0).9). @)

As it is standard (see e.g., Laffont and Martimort, 2002), the participation constraint of
the low-cost type, 6, is satisfied and the incentive constraint of the high-cost type, 0, is
slack at the optimum. Moreover, the other two constraints bind and, therefore, an owner’s
problem reduces to:

Mag By [r,] = vl(a—bg —Eo[Q-i] )] + _F (13)

{oa} (1—) [(a — g — DEs[Q_,] — B)q] — vAdg

Making use of the first-order conditions and the binding constraints, contracts are

implicitly defined as:

a—bEg[Q_;] —2bq =6 a — bEg[Q_;] — 2bg, = 0 + 7= A0 14

w, = an + Aeqa

a

Therefore, each low-cost type obtains a rent, Afg,, and each firm pays an expected rent,

which is given by Eg[rent,] £ vA#g,. This yields:

Lemma 2.

Under asymmetric information, quantities, expected aggregate output and expected price



are:

_a—40 (1 —-n)
G = W) W) (15)

a—06 1 v

o = b(1+n) __Q_bl—vAg’ (16)
E&[Qa] = H? (17)
BlP] = (18)

Proof Lemma 2.

See Appendix A.2.

A comparison of (7), (8), (15), and (16) clarifies that ¢_(n) > gp(n) > q,(n) > q,(n)
for n > 1. Furthermore, (16) indicates that the informational rent, Afg,, declines with
the number of firms.

Expected welfare in case of asymmetric information is:
Eg[W,] = n (Eg[ma] + Eglrent,]) + Eo[CS,)]. (19)

Substituting in accordance with Lemma 2, and decomposing expected welfare as in (5),

we can express Ey[WW,] as a function of the number of firms, n:

~n(a—0)(a(2+n) + nb) nvA6?
EolWa(n)] = 2(1 + n)?2 8b(1 — v)
—_——
3 Varg[Qa(n)]

()

expected cost E[0gq (0, n)]

Again, expected welfare is strictly concave in n, reflecting the same trade-off as in the

case of perfect observability.



2.4 Welfare Comparison

Given an oligopolistic market structure, we focus our analysis on n > 1. Provided it exists,
we denote with 7 the unique critical number of firms for which Ey[W,(n)] = E[W,(n)]
holds, i.e. expected welfare, which results in the two informational structures, is the same.

It is given by [see (12) and (20)]:

V220 + 24/v(1 —v)AB(2(a — 0)(2 — 3v) + vAO(3 — 4))
vAH(2 — 3v) '

i = (21)

Moreover, we denote nj = argmax, Eo[Wy(n.)], ¥ = {a,p}, and consider an interior

solution.® Then, we have:

Proposition 1.

Assume that v < 2/3 holds, i.e. i > 0 exists.
(1) If n >m, Eg[W,(n)] > Eg[W,(n)].

(i) If the variance of marginal costs, Var[f] = v(1—v)A6?, is sufficiently large, Eg[Wq(n3)] >

Eg[Wy(np)]-

p

Proof Proposition 1.
See Appendix A .4.

Figure 1 illustrates Proposition 1, assuming n to be a continuous variable. Consider
initially a monopoly (n = 1). Welfare (in expectation) is unambiguously lower in the
asymmetric information setting than in the case of perfect observability. This is because
an owner saves on informational rent payments by lowering the quantity produced by
the high-cost manager, while the quantity produced by the low-cost manager remains the

same, i.e. there is no distortion at the top. This implies Eq[W,(1)] < Eq[W,(1)].?

8In Appendix A.3, we compute the f.o.c. for a welfare maximum under both informational structures.
If 8bF — 3Var[f] < 0, the solution to the maximization of expected welfare under perfect observability
admits a corner solution. The result as in Proposition 1 would remain valid if we allowed for such a case.

9For this standard result see, for example, Laffont and Martimort (2002, in particular chapter 2.6.)
and the references therein.
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Figure 1: Comparing Welfare Levels

Moving from a monopoly to an oligopoly, i.e. (marginally) increasing the number of
firms n, alters the structure of contracts. As also indicated by Etro and Cella (2013),
owners set contracts such that the output of the high-cost manager falls by more in a
setting with perfect observability than if there is asymmetric information [see (8) and
(16)]. Moreover, output of the low-cost manager in a world with asymmetric information
rises with the number of firms, relative to the output if there is perfect observability [see
(7) and (15)]. Consequently, there are distortions at the bottom and the top. This latter
effect becomes more pronounced with the number of firms because the informational rent
declines in n.

The contractual adjustments have conflicting consequences for welfare. First, expected
aggregate output is lower in an oligopoly with asymmetric information than in a world
with perfect observability [see the first terms in (12) and (20)], which has a negative
impact on the ratio W,(n)/W,(n). Second, the variance of aggregate output is higher.
This raises expected consumer surplus and reduces the firms’ expected revenues. Since
the revenue impact dominates, the variance effect reduces the ratio W,(n)/Wy(n) [as
evidenced by the second terms in (12) and (20)]. Third, asymmetric information results
in a more efficient production, since it reduces expected production costs [compare the

third terms in (12) and (20)], which, c.p., raises W,(n)/W,(n). The welfare-enhancing

10



effect of a more efficient production can outweigh the two welfare-reducing effects, such
that W,(n)/W,(n) > 1 holds, if the probability v of being matched with a low-cost type
is not too high (v < 2/3), as long as the number of firms exceeds 7.

To gain further intuition, note that a higher variance of aggregate output reduces wel-
fare, as elucidated above, while a greater variance of marginal costs lowers total expected
production costs and, thereby, has the opposite impact.! Under perfect observability,
the variance of the aggregate quantity is proportional to the variance of marginal costs
and this ratio is independent of the probability v of having a low-cost manager, since
Varg|Q,] = (n/(20)?)Var[f]. In case of asymmetric information, the ratio of variances
rises with v. Accordingly, the welfare loss due to greater output variability increases, rel-
ative to the welfare gain resulting from the more efficient mode of production. Therefore,
when we juxtapose the two effects we observe that if the odds of meeting a low-cost type
are high, welfare with perfect observability exceeds welfare under asymmetric informa-
tion, irrespective of the number of firms n. Conversely, if v is relatively small, for some
critical m, the welfare-increasing effect of a more efficient production is sufficiently high
to compensate for the loss of surplus due the output reduction and the variance of the
aggregate quantity. For any n > m, welfare in a setting with asymmetric information
exceeds welfare resulting in a situation with perfect observability.

Finally, the higher the variance of marginal costs is, the more similar in magnitude
the variances of aggregate output in both informational settings are. If, therefore, the
variance of marginal costs is sufficiently high, the variances of aggregate output are com-
parable in size. In consequence, expected welfare in a setting with asymmetric information
exceeds the maximal level attainable in case of perfect observability of managers’ type,

i.e. Wa(ny) > W,y(ny).

3 Discussion

Our paper assumes the co-existence of a principal-agent relationship in the production

sphere with a Cournot-oligopoly on the output market. We distinguish two informational

10T his result is implicit in Bergstrom and Varian (1985) and made explicit in Salant and Shaffer (1999).

11



settings. In a situation with perfect observability, an owner observes the type of manager
he is matched with. In case of asymmetric information, only the manager is aware of
her type at the contracting stage. As our main result, we establish the existence of a
separating equilibrium, which can result in a higher level of welfare in case of asymmetric
information than resulting in a world with perfect observability. It is even possible that
welfare with asymmetric information exceeds the maximum welfare level obtainable with
perfect observability. In short: Having less knowledge can raise welfare.

From the perspective of society, given that informational frictions are a widespread
phenomenon, our result supports the idea of pro-competitive policy measures in order to
overcome the welfare-reducing combination of sufficiently high market power and asym-
metric information. In addition, our paper provides another example for a second-best

world.

A Appendix

A.1 Proof of Lemma 1

Under perfect observability of a manager’s marginal costs, each firm owner solves the

following problem:

max Eg[m,]

{g.0,3,7}

s.t.

U(w,q.0) =w—0g >0, PC(0)
U(w,q,0) =w—6g>0 PC(6)

Since types are observable, both participation constraints bind, i.e., each owner sets the
wage in such a manner that it just compensates the manager for her costs and makes her
indifferent between working and obtaining the outside option of zero. Using wages for

the binding PC's in the objective function, the maximization problem consists of finding

12



quantities:

Max Ey[m,| = ! [(a ~ba = bElQ-i] - QM} - —F. (A.1)

{aa} (1—v) [(a — bg — bE4[Q_;] — 0)q]

Computing the f.o.c.s, which are also sufficient, yields:

dE;grp] — —bg + (a — bg — bEG[Q_;] — ) = 0, (A.2)
—dE;grp] = —bg + (a — bg — bE4[Q_;] — §) = 0. (A.3)

Together with the expression for the aggregate quantity, we have a linear system with

three unknowns: )

—bg + (a — bg — DE4[Q_;] — ) =0
—bg + (a — bg — bE)[Q_)] — ) =0 (A-4)

EplQ-i] = (n = Dvg + (1 = v)g].

\

It is straightforward to obtain the solutions:

a—10 (1 -n)(1—wv)

= — — A6 A.
4, b(1+n) 2b(1 +n) ’ (A.5)
_ a—0 (1 —-n)v
= Ab. A6
=500 20 (A.6)
Then, the expected aggregate quantity is:
_ _ nla—E[f])
Given the demand schedule, we find:
a + nEl[d]
EQ[PP] =a — bEG[QP] = H——n (AS)

Equations (A.5)-(A.8) are the equations as in Lemma 1.

13



A.2 Proof of Lemma 2

To derive the menu of contracts that each owner posts, we follow standard techniques,
change variables as in Laffont and Martimort (2002), and express everything in terms of

rents:

SIS
(I
g =

| |
| 1D
RS
ENEPN
o
= L

Therefore, the (PC) constraints are U > 0, U > 0. The (IC) constraints are:

w—0q >w— 07, 1C(9)

w— 07 > w - 0g, IC (0)
which in terms of rents can be written as:

U > U+ Adg, IC(9)
U_

=

> U — Adg. IC (0)

After substitutions of wages from (A.9) and (A.10), the maximization problem reads:

Max Egm] = v [(a — bg — bE[Q_] — Q)Q]_—i— WUt (1— o)) — F
{evaT} (1 —v) [(a — b — VE4[Q_] — 0)q]
(A.11)

st. PC(0),PC(0),1C(0),IC (0).

As it is standard, IC(6) and PC(0) imply PC(0). Disregarding IC(6) and checking it at
the optimum, the remaining two constraints are PC(#) and IC(#), which have to bind at
the optimum. As a consequence, the relaxed problem is:

Mag By, = v l(a = bg =~ bEo[Q-i] = O)g] + _F (A.12)

{a} (1 —v) [(a — b — DE4[Q_] — 0)7] — vAbg

14



Computing the f.o.c.s, which are also sufficient, yields:

d]Eg [77'@]

dg —bq + (a — bg — DE4[Q ] — 0) = 0, (A.13)
%ga] — (1= v)[=b7 + (a — b — BEs[Q_] — B)] — vA0 = 0. (A.14)

Together with the expression for the aggregate quantity, we have a linear system with
three unknowns:

;

—bg + (a — bg — bEy|Q_;] —0) =0

(1 —0)[—bq + (a — b7 — bE4[Q_;] — 0)] — vAO =0 (A.15)

Ep[Q-i] = (n = Dvg + (1 = v)g).

\

Hence, we obtain:

a—10 (1 —n)
Y= W rn) W) (4.16)

a—=06 1 w

q, = i) __Q_bEM’ (A.17)
Eg[Qa] = Z((f ;:)) , (A.18)
E,[P,] = al*:;‘f. (A.19)

Note that IC(f) is satisfied because q,(n) > q,(n) for every n > 1. Equations (A.16)-

(A.19) are the equations as in Lemma 2.

A.3 Welfare Maximization

The number of firms, which maximize welfare, are denoted by n; and n;, respectively.

They are implicitly given by:

dEg[W,)] (a—0+vA0)?  3u(l—v)AH?
i VT Tharey T & ’ (4.20)
dEg[W,] (a—0)(a—0+vA0(14+nk)) vA(3—4v)6?
=0 <— - —F=0. A.21
iV b+ )P 10 0. (A2D)

15



W.lo.g. we focus on parametrizations which ensure interior solutions.

A.4 Proof of Proposition 1
Proposition 1 can be (re-) stated as follows:
(a) If v >2/3, Eg[W,(n)] > Eg[W,(n)] holds for every n.

(b) If v < 2/3, Eg[W,(n)] > Eg[W,(n)] holds for every n > n. For 1 < n <7, we have
Ey[Wa(n)] < Eg[Wp(n)].

(c) If Var[f] is relatively large, i.e. 8bF — 3Var[f] is positive, but relatively small,
Eg[Wa(ny)] > Eo[Wy(n;,)] holds.

As asserted in the main text, expected welfare is strictly concave in n, irrespective of

the informational structure:

St <o e
*Eg[W,] — [3(a — 0) + 2(1 + n)vAd]
S e < 29

Given ¢ (n) > gp(n) > q,(n) > q,(n), a separating equilibrium in which firms contract

with both types requires g,(n) > 0. For n = 1, we have:

(a—0)(1—v)—vAb

(A.24)

Evaluating Ey[W,(n)] — E¢[W,(7)] at n = 1 and using (A.24) shows that Es[W,(1)] —
Ep[W,(1)] < 0 holds.

To prove (a) and (b), observe from (21) that v > 2/3 (v < 2/3) implies that 7 < 0
(m > 0). To prove (c), given Eg[W,(1)] > Ey[W,(1)] and the feature that Ey[W,] and
Ey[W,] intersect only once at n = 7, it is therefore sufficient to show that ny > n. It is
straightforward to see that Var[f] = v(1 — v)A#% Inspection of (21) and (A.20) shows
that the inequality n > 7 can be obtained if the difference 80F — v(1 — v)A#? is small
enough. Since 7 is independent of b and F', variations in these parameters can always

ensure such outcome. It remains to be proven that market fundamentals, that is, profits

16



and quantities, are positive. For quantities, it is enough to observe that g,(n) > 0 holds if
the choke price a is high enough. For profits, application of the envelope theorem clarifies

that they can be enhanced by increasing a and/or decreasing either or b or F' or both.
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