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Abstract

This paper examines optimal industrial structures in a model in which a government (the
principal) procures two complementary products or facilities from two firms (the agents) under
asymmetric information. We consider two different industrial structures. One is a decentralized
industry in which each of the two firms supplies one of the two products. The other is an integrated
industry in which a unified firm supplies both products. We extend the literature on optimal
organizations with multiple agents under asymmetric information to a setting in which each firm'’s
cost comprises not only a variable cost but also a fixed cost, both of which depend on its private
information. Equilibrium contracts are characterized by comparing with the case of complete
information. We show that when a difference in the amount of fixed costs with respect to each firm'’s
type is sufficiently large, countervailing incentives may arise in this multi-agent contract setting. We
also show that contrary to the literature, that the government chooses a decentralized industrial
structure provided that the difference in fixed costs with respect to productivity types is sufficiently

small.
1 Introduction

This paper examines optimal industrial structures in a procurement contract model in which a
government (the principal) procures two complementary products from two firms (the agents).
Unlike the literature on optimal organizations with multiple agents under asymmetric information,
we examine a setting in which each firm’s cost comprises not only a variable cost but also a fixed
cost, both of which depend on its private information. We assume that there are two productivity
types for each firm. One type has a high marginal cost and a low fixed cost. The other has a low
marginal cost and a high fixed cost. Two industry structures are considered. One industrial structure
is a decentralized industry in which each of the two firms produces one of the two complementary
products. The other is an integrated industry in which a unified firm produces both products. We
show that if a difference in the amount of fixed costs with respect to each firm’s type is sufficiently
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small, then the government chooses the decentralized industry provided that the level of output
when one firm is of low marginal cost type and the other firm is of high marginal cost type is
sufficiently small. In contrast, we demonstrate that if the difference in fixed costs with respect to
productivity types is sufficiently large, then the government chooses the integrated industry
provided that a difference in the output levels between decentralization and integration when both
firms are of low marginal cost type is sufficiently small.

This paper is related to two strands of the literature on contract theory. The first is the literature
on optimal organizations with multiple agents under asymmetric information. Dana (1993) analyzes
optimal industry structures in which the government procures two substitutes. The optimal industry
structure, he concludes, depends on whether marginal costs of the two products are sufficiently
positively correlated or not. Baron and Besanko (1992, 1999), Gilbert and Riordan (1995), and
Severinov (2008) analyze optimal industry structures in which marginal costs of the two products
are independently determined. These papers show that the optimal industry structure depends on
the degree of complementarity or substitutability. However, these papers do not consider fixed costs
that depend on agents’ types. In this paper, we extend the literature to a more general cost structure
in which not only a variable cost but also a fixed cost are considered.

The second strand of research related to this paper is concerned with the issues of countervailing
incentives under asymmetric information (Laf-font and Tirole, 1993; Laffont and Martimort, 2002).
Lewis and Sappington (1989) assume one-dimensional uncertainty regarding marginal costs and
fixed costs and analyze countervailing incentives. Maggi and Rodriguez-Clare (1995) further examine
the issues on countervailing incentives. Jullien (2000) explores the effects of type-dependent
participation constraints on optimal contracts. However, these papers consider only a single agent. In
contrast, we consider multiple agents.

Here, we examine optimal organizations in a model in which the cost function of each firm
comprises not only a variable cost but also a fixed cost, both of which depend on its private
information. We show that when the difference in the amount of fixed costs with respect to
productivity type is sufficiently large, countervailing incentives can result because the set of binding
incentive compatibility and participation constraints depends on the value of this difference. Thus,
the results in this paper suggest that it is of critical importance to consider type-dependent
participation constraints when we examine optimal industrial structures in contract models.

The paper is organized as follows. In Section 2, we present a model and basic assumptions. In
Section 3, we characterize optimal contracts under decentralization. We examine the conditions
under which countervailing incentives arise. In Section 4, we characterize optimal contracts under
integration. We demonstrate the possibilities of countervailing incentives for the consolidated
industry. In Section 5, we compare these two industrial structures and discuss implications for
optimal industrial structures. Section 6 concludes.
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2 The Model

We consider a two-product industry in which one or two firms produce products A and B. Output
(quantity or quality) of product A or B is denoted ¢ or ¢” respectively. The two products are
supposed to be complementary. A government procures these products and supplies a final product
(a public good). Let V (¢* ¢®) denote social benefit that consumers obtain from the final product,

where
V(g*, ¢®) = S(q), with ¢ = min |¢*, ¢"}.

For all ¢ > 0, S(q) is twice continuously differentiable, increasing and strictly concave.
The cost function of each product is given by

C(q, 0) =0q+F(0),

where 6 is the marginal cost and F(6) is the fixed cost. We assume that parameter 6 takes either 6, or
0, with 6, <@, We also assume F(,) >F(0,). A high marginal cost is associated with a low fixed
cost and vice versa. For instance, this inverse relationship can arise because a high fixed cost
guarantees a low marginal cost and vice versa in constructing facilities such as highways and
bridges.

We assume the marginal cost 6 is private information for each firm. For firm A, let 8, denote its
type, i=1, 2. Similarly, for firm B, let §; denote its type j=1, 2. Let p; denote a joint probability
between 6; and 6, . For simplicity, we assume the probability distributions over 6; and §; are
independent. Let p = Pr(6;, =6,) = Pr(6,=6,), 0 < p < 1. Hence, we have

Pu = PZ‘
P =py =p - P),
and py = (1 — p)=

In this paper, we consider a non-benevolent government. Thus the government’s payoff is defined
as social benefit minus a monetary transfer to the firm". The firm’s payoff is defined as a monetary
transfer from the government minus a realized production cost. When designing optimal contracts,
the government solves its payoff maximization problem subject to incentive compatibility constraints
and participation constraints. An incentive compatibility constraint (ICC) guarantees that each firm
prefers the contract that is designed for it. A participation constraint (PC) guarantees that each firm

D For simplicity, we assume that firms’ informational rents are not included in the government's objective function.
This assumption is a special case in the Baron and Myerson (1982) regulation model in that the weight of the
agent’s payoff in the principal’s objective function is zero.
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accepts the designated contract.

We consider two different industry structures. One is a decentralized industry in which each of
the two firms produces product A or B. The other is a horizontally integrated industry in which the
consolidated firm produces both products A and B.

Let g; be the quantity when firm A’s type is #; and firm B’s type 6,. Under the decentralized
industry, the government's expected payoff II1”, ex post payoff u* of the firm producing product A,

and ex post payoff u” of the firm producing product B are given by, respectively,

1° =375 [S(qy) —ti— 1],
uA: 13_ ﬁiqij—F(ﬁi),
and u”=T5-0,q;,-F(0),i,j=12,

where monetary transfers from the government to the firms are denoted 7 and 7 .
Under the integrated industry, the government’s payoff II” and ex post payoff u’ of the consolidated
firm producing both products A and B are given by

n'= Zpij [S(gy) —wyl,
and u1=wij—(9j+t9j)qij—F(0,-)—F(9j), i,jzl, 2,

where a monetary transfer from the government to the firm is denoted w;; .

The sequence of events proceeds as follows: At stage 1, a government decides on an industrial
structure: a decentralized industry or an integrated industrial structure. At stage 2, nature
determines each firm’s productivity type: 8, or #,. Only the firms observe it. At stage 3, the
government offers contracts that firms accept or refuse. Finally at stage 4, when accepting the
contracts, the firms produce the products and the government provides monetary transfers to the

firms.
3 Optimal Contracts under Decentralization

In this section, we examine optimal contracts under decentralization. Under the decentralized
industry, each of the two firms supplies its own product to the government.
The government’s (the principal's) problem under the decentralized industry, (P-1), can be stated

as follows:

Maximize T1”=22;[S(q;) — 14— (P-1)
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We focus on the cases in which firms earn positive informational rents. For the decentralized

industry structure, the following two propositions summarize the results. Proposition 1 shows the

second best output is smaller than the first best output if the difference in fixed costs with respect to

the firms’ types is sufficiently small. Proposition 2 demonstrates the second best output is larger than

the first best output because of countervailing incentives if the difference in fixed costs with respect

to the firms’ types is sufficiently large.

Proposition 1 Under decentralization, when F(0,) —

contracts are characterized as follows:

S,(ql) =20,
S,(q%) =S,(g2)

and Sq(qu) 2202+

Proof: See Appendix A.

Proposition 2 Under decentralization, when F(0,)

contracts are characterized as follows:

S,(ay") =26, ——p

=0,+0,+

S (quc> =S (quc)

and Sq (qg’z*c) = 262

Proof: See Appendix A.

2
T 0,-0).

9,-6,)

0+0

F(0,) is sufficiently small, the optimal
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15 6,-6,),

—F(0,) is sufficiently large, the optimal
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Proposition 1 shows that the agent with lower marginal costs obtains positive informational rents
whereas Proposition 2 proves that the agent with high marginal costs earns positive informational

rents.
4 Optimal Contracts under Integration

In this section, we examine optimal contracts under integration.

The government's (the principal's) problem (P-2) is as follows:

Maximize HI=ZPU [S(g;) —w;] (P-2)

subject to
w,;—(0,+0)q,-F(@0,) -F) >w,~(0,+6)q,,-F@, —F(,),
w;,—(0,+0,)q,—F(0,) —F0, > w,— (0,+0,)q,-F@,)—-F@,),
W,;— (6 +9)q2] F(ﬁ)—F(Q)ZwU 6 +9)q1] F(@)—F(Q),
W, — (9+H )qiz—F(ﬂ) _F(ez) = (2 (9i+92)qi1_F(0i) _F(az)y
w,— (8,+8)q,~F(8,) —F(6) >0,

and w,; — (0,+60,)q,—F(9,) —F(@,) >0, i=1,2and j=1,2.

We have the following propositions. Proposition 3 shows the second best output is smaller than the
first best output. Proposition 4 demonstrates the second best output is larger than the first best

output because of countervailing incentives.

Proposition 3 Under integration, when F(0,) — F(0,) is sufficiently small, the optimal contracts are

characterized as follows:

S, (qfl) =20,

S,(at) =5,(a1) =0,+0,+ 5777 (0,0,
wa$,(q) =20,+ 22 (g _g).

(1-p)
Proof: See Appendix B.

Proposition 4 Under integration, when F(0,) — F(0,) is sufficiently large, the optimal contracts are

characterized as follows:

S<q”>—2a—( _p)(e -9)),
p
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_ (-p)

S,(at) =5,(a4%) =6,+0,-—_

9,-0,),

and Sq(qé2) =20,

Proof: See Appendix B.

Proposition 3 shows that the agent with low marginal costs obtains positive informational rents. In
contrast to Proposition 3, Proposition 4 shows that the agent with high marginal costs earns positive
informational rents.

5 Optimal Industrial Structures

We characterized the optimal contracts under decentralization and those under integration in the
previous sections. In this section, we compare the decentralized industry with the integrated
industry.

First, we assume F(6,) — F(6,) is sufficiently small. Thus, we compare regime 1-1 (in Appendix A)
with regime 2-1 (in Appendix B). Then, we have the following result.

Proposition 5 Suppose that a difference in fixed costs with respect to firms’ productivity type, F(0,)
—F(0,), is sufficiently small. Then, the principal prefers the decentralized industry structure to the
integrated one provided that ql,(=qk,) is sufficiently small.

Proof: The principal’s payoff in regime 1-1 is

1°=p, [S(g?) —260,q"-2(0,-0) (g +q") —2F(0,)]
+p,[S(gl) —(6,-06,) (g0, +qb) —2F(6,)]
+p,[S(g?) = (0,-0) (g5 +q2) —2F(6,)]
+p,,[S(ql) —260,q0,—2F(0,)].

The principal’s payoff in regime 2-1 is
a5t aq,
' :pn{s (q/) —20,q/,-2(6,-0) (MTH + ql{z) - 2F(02)}
+p,L8(qy,) — (0,+0,)q,~ (0,-0,) q;,~2F(0,)]
+p, [S(q,) —(6,+6,)q,,—(0,-60)q,,—2F,)]
+p22[S(q212) —20,q,, 2F(92) 1.

Recall that we have
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D — D —

qzz q22< q,,~ q21< ivhe q21< an= qn

Because S(.) is increasing and strictly concave, we have

S(qp) —(6,-6)q2<S(q}) — (6,-0)qy,
(62 - 01) qg< (‘91 + 02) q112'
and S(qp) —260,q5,> S(ql,) —20,q},

Thus, in general, II”— IT’ can be positive, zero, or negative. However, if ¢l,(= q¢2,) is sufficiently
small, then IT” >1I". QED.

The literature has dealt with settings without fixed costs. Proposition 5 extends the literature to
the setting in which the fixed costs of agents depend on private information.

Next we assume F(0,) —F(0,) is large. Thus, we compare regime 1-5 with regime 2-4 and obtain
the following result.
Proposition 6 Suppose that a difference in fixed costs with respect to firms’ productivity type, F(0,)
—F(0,), is sufficiently large. Then, the principal prefers the integrated industry structure to the
decentralized one provided that the difference qii° — g is sufficiently small.

Proof: The principal’s payoff in regime 1-5 is

P=p, [S(g") —20,¢"~2F(6))]

+p,[S(gh ) —(0,+0,) g5+ (0,-6)q) —2F ()]
+p, [S(g2) = (6,+6,) 2+ (6,-0,) "~ 2F(6))]
+p,,[S(qh) 20,90+ (0,-6) (g +q2°) —2F() 1.

The principal’s payoff in regime 2-4 is

' =p,,[S(qlf) —20,g}¢ —2F(0,)]
+p,[8(ql0) = (6,+6,) g+ (8,-0,) ' —2F(8))]
+p, [S(gy) = (0,+6,) a5+ (0,-60)q/ —2F(6))]

1,C+ 1.C
G G 2q12 +q ) 2F (0 )}

TPy {S(q? ) =20,q5 +(0,-0) (
We note that

FB D,C D,C — ILC — DC— ,IC
ay, <q11 <q11’ q _q21 a5 _qZI’ andq a4y, -

Because S(.) is increasing and strictly concave, we have

787
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S(aj) ~26,a/"> Slay) —26,ay),

S(qgic) - (01 + ‘92) a5~ <61 - ‘92) a) < S(qéf) - (‘91 + 62) a5 - (01 - 02) a)y

and g3+ ¢y < gy +ayy

Thus, in general, I[I”—TII' can be positive, zero, or negative. However, if ¢-°—¢%¢ (>0)is
sufficiently small, then IT? <TI'. QED.

Proposition 6 contributes the literature in that it provides the conditions under which
countervailing incentives occur in the multiple agent setting and integration dominates

decentralization.
6 Conclusion

We have examined optimal industrial structures in a contracting model of one principal and
multiple agents in which a government (the principal) procures complementary products from two
firms (the agents). We have characterized optimal contracts under decentralization and integration.
We have shown that under each of the two industry structures, there exist cases in which
countervailing incentives arises at equilibrium. We have compared the government’s payoffs under
the two different industry structures: a decentralized industry and a horizontally integrated industry.
The difference in fixed costs with respect to productivity types, F(6,) —F(0,), affects which ICCs
and PCs are binding and thus the firms' informational rents. We have analyzed the case in which a
difference in fixed costs with respect to productivity types, F(6,) —F(8,), is sufficiently small and
shown that the government obtains a larger payoff under the decentralized industry than under the
integrated industry if g, is sufficiently small. We have also examined the case in which the value of
F(0,) —F(0,) is not small. In this case, we have shown that there are cases in which the government
chooses the integrated industry. Thus, it is critically important to understand that optimal industrial
structures depend on the difference in fixed costs with respect to the agents’ types when we design

regulatory policies under asymmetric information.
Appendix A
Proofs of Propositions 1 and 2

We distinguish the following five regimes depending on the magnitude of the difference F(6,) - F
(,), which affects what constraints in (P-1) are binding. Due to the symmetry between the two
agents in our model, we can follow the analysis in Kobayashi (2018) to find the optimal solutions to
the contracting problem (P-1). For a complete analysis of the case of a single agent, the reader is
referred to Kobayashi (2018).

Regime 1-1



(10) KEIZAI SHUSHI Vol. 89 No. 1

First we consider the case in which the following constraints are binding:

Piltl—0,q,— F(6’)J>ZPU[T -6,q,,—F(@)],
2

Pyl —6,q,—F(6)] Elq[nz 0,q,~F©0)].
J=1

>

15-0,q,-F(6,)>0, j=1,2,
and t/,-0,9,—F(6,)>0, i=1,2.

From the binding conditions, monetary transfers to firms A and B are

1= 0,0, +F(0,),
22 zq22+F(0 ),
1= 0,4, T F(0,),

and 15,=0,q,,+F(0,).

[

It can be shown that these transfers satisfy the remaining ICCs and PCs. Substituting these

transfers into (P-1) and taking the first order conditions with respect to g; yield

S,(gl) =20,

p
Sq(qu) :Sq(qgl) =0,+0,+ 1-p (62_01>’
2p
-pP

and S, (q},) =26, + 1 6,-6,),

where Sq(') denotes the partial derivative with respect to q and qf,? an equilibrium output under

decentralization D.
We note that F(6,) — F(8,) < (6,—6,) g5 must be satisfied. Thus we have

D FB D D — D D — . FB
qzz< dy q22< = q21< 4, =4,

where ¢'7 is the first best output when both types are efficient. When one of two productivity
types is efficient, output g and ¢b are distorted and smaller than ¢. When both productivity types
are inefficient, output ¢b is distorted and smaller than g% and ¢3.

We get 1, =0,q0+ (0,—6,) ¢h + F(0,) and % =6,q5,+ (0,— 0,) gb,+ F(,). Similarly we have 1, =
31(111)1 +(6,—-6,) CI?Z +F(6,) and Tg = ‘91CI?1 +(0,—-6,) qu +F(0,).

The firms’ payoffs are

wh=u? = (6, 0)@l¥@ﬁ+FwQ—ng>&
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A _ B _
Uy =up=0,
up=un=(0,-0)q5+F(@, —F(0,) >0,

and u22 uzz 0.

Regime 1-2
We suppose that the following constraints are binding:

2

2Pt} = 0,q,- F(0,)1>2Plt}-0,q,,- F(0))],

2

y
;pil[‘[fi - 91%’1 -F(0 )]Zzpil [Tg - quz‘z —F(gl)]’
0,q,,~F(0,)=0,
0,q,,—F(0,)=0,
2} zqzj F(H )> 0, j: ]., 2,
and 7, —0,q;, —F(HZ) >0, =12

From the binding conditions, monetary transfers to firm A are

,=0,q,t F(91)'
T, =0,a, * F(Hz)
and 15,=0,q,,+ F(0,).

The monetary transfers to firm B are

1,=0,q,t F(62)'
T =0,g, t F(01)'
and 15,=0,q,,+ F(0,).

Substituting these transfers into (P-1) and taking the first order conditions with respect to g; yield

S,(qh) =26,
S, (g}) = S(q”) 0,+0,+ —— (0 0,),

and S, (qy,) =26, + (0 0)

pgl+ (1-plg}

5 must be satisfied in this case.

Note that F(6)) - F(6,) <

A B
The transfers 77, and 17, are
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1—p(@_69q2+IWeg—<;—pﬂ«ep

n- Tﬁ = quﬁ + (92 - €1) qﬁ +

The firms’ payoffs are

<

1 b+ (1- b
=B@—aﬂ“%+(*m“}+Fw;—Fw@>o

11 p 2
uf,=uy =0,
uy =up,=0,
and u§‘2= u§2=0.

Regime 1-3
We consider the case in which the following constraints are binding:

—Hq“—F(H)>TA—t9q21—F(HI),
0,9, ~F(6,)21},~6,q,,~ F(6)),

T 1% F(9,)20.
Ty~ 0,8~ F(ﬁ )> 0,

and t),—0,9,—F(0,)>0, i=12and;j=12

From the binding conditions, monetary transfers to firm A are

@ =0,q,+tF @),
7, =0,q,+ F(6),
1),=0,q, +F,),
and Tp= 02q22+F(62).

The monetary transfers to firm B are

t,=0,q,+F@),

gt —6’qu2+F(02),

15 =0, +F(6),
and = 2qzz+F(0)'

Substituting these transfers into (P-1) and taking the first order conditions with respect to g; yield

S,(gh) =26,
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S,(qh) =S,(q}) =6,+8,,
and S, (q}) =26

9

We must have that (0,—-6,) (pq);+ (1 —p)q})<F()) —F(6,) in this case.
The firms’ payoffs are

uy, = uy =0,
y, =ty =0,
uy, =u;,=0,
and u,, = u,,=0.

Regime 14

We examine the case in which the following constraints are binding:

épzj[rg‘,-— ﬁzqzj—F(Hz)]Zépzj[rfj— 6,q,,—F(,)],
z:piz [z} —0,q, - F(0,) 1> épiz [z} —0,q, - F(,)],
i ~0,q,~F(0,)>0,
1= 0,q, - F(H )20,
—0,q, ~F(0,)>0.
and 7,—0,9,-F(0,>0, i=1,2andj=1,2.

From the binding conditions, monetary transfers to the firm producing A are

=04, tF(@),
TIAZ 2q12 + F(G )

11 - 02q21 + F(Hz) ’
and Ty, =0,q,+ (6,-0,)q,+F(6)),

The monetary transfers to firm B are

1, =0,9,,* F(0),
15, = 0,4, + F(0,).
15 =0,q, +F(0),
and 15,=0,q,+ (6,-0,)q, +F(6)).

Substituting these transfers into (P-1) and taking the first order conditions with respect to g; yield
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2p
S, (gl°) = 201_ﬁ(‘92_01)'
p
S, (qh) =8S,(¢h) =6,+6,- 1-p 6,-0).

and S,(q},) =26

2

where qu)’c denotes an optimal quantity with countervailing incentives.

We must have that (61—02)(%)<F(0 ) —F(6,) holds. We note that g;; DO> g and qiy

QZ1C>q
The firms’ payoffs are

ujy = uy; =0,
j, =y =0,
gy =y, =0,
gy, ™4
and uf,=ul= (0, - 02)(%)+F(91>—F(92)>0.

Regime 1-5
We consider the case in which the following constraints are binding:

2

Spilty = 0,0, F(0,)12 XPult) - 0,4, ~ F(9,)].

2

2
Zpiz[rig 0,q,,~ F(0,)] Z T~ 0,0, ~F(0,)],

i=1
j 1q1] F(H >2
and 1/ -0,q,—F(0)>0, i=12andj=1 2.

From the binding conditions, monetary transfers to firm A are

1, =0,q,+F0),

1,=0,, T F(6),

1, =0,0, + (0,-0,)q,, +F(0,),
and 74,=0,q,,+ (0, 0,)q,,+F ().

Monetary transfers to firm B are

17 =0,9,+ F(0),
1,=0,0,% (0,~0,)q, +F(0,).
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15 =0,q, +F(0),
and 75,=0,q,,+ (6,-0,)q,+F(6)).

Substituting these transfers into (P-1) and taking the first order conditions with respect to g; yield

2(1 -p)

S,(qh) =26, - 6,-0,),

S, (g =S (qflc) 0,+6,- ((9 6,),
and S,(q°) =20,
In this case, we have that (4,—6)q, < F(60,) — F(6,) holds. Monetary transfers to firm A are

1 =0,q2°+(0,-0,) 9 +F(,),
and 15,=0,q5 +(0,—0,) g +F(@,).

The monetary transfers to firm B are

=0,q°°+(0,-0,)q +F(0))
and 122— 0,95 + (0, 6,)q, +F(0).

The firms’ payoffs are

uy =up; =0,
uy=uy =0,
uy =up,= (6, 0>qHC+F(e> ~F(0,)>0,

Regime 1-1 is summarized in Proposition 1. Regime 1-5 is summarized in Proposition 2.

This completes the proofs.
Appendix B
Proofs of Propositions 3 and 4

Regime 2-1

Suppose that the following constraints are binding:

wy;— (61 + 61) qu_F(al) _F(6]>2 Wy — (191 + 9]) qu_F(Hl) _F(aj)y
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Wi — (ei + 61) qi _F<0i) - F(01) = Wi~ (Hi + (91) Qi ™ F<Hi) _F<91),
and Woo — 262(]22 _2F(02> > O, 1= 1, 2 andj: 1, 2.
From the binding conditions, the monetary transfers are

9 "4,
2

q, tq
%} (0,-6,)q,,+2F(,),

w,=20,q, + (02_91)( +q22)+2F(92),

wlZ = TZ] = (61 + 02)(

and w,,=26,q,,+2F(0,).

2q22

These transfers satisfy the remaining ICCs and PCs. Substituting these transfers into (P-2) and
taking the first order conditions with respect to g, yield

Sq (qil) = 291’

p
Sq (qIIZ) = Sq (qé) = 01 + 02 + 2(1 _p) (02 - 81),
(2-p)
and S, (q1) =20,+2-"22 (g, 0),

(1-p)

where qu denotes an equilibrium output. In this case, we must have that F(8,) — F(8,) < (6,—6,)
¢ holds. Thus we have

I FB I I — I I — FB
q22< Ay q22< q,,~ q21< a,= 4,

Output ¢}, is at the first best level ¢, and ¢!, and ¢}, are distorted and smaller than ¢’,. Output
¢ is distorted and smaller than ¢}, and ¢b,.
The firms’ payoffs are

ul = (0,-0) (g} +ql,) +2F(0,) —2F(9)),
ufy=uy=(0,-6)q,,+F(@6, - F@),

I =
and u,,=0.

Regime 2-2
Consider the case in which the following constraints are binding:
wy;;— (0,+6,)q,—F(0,) —F(0) 2w, — (6,+0,) g;;— F(6,) —F(6)),
wy— (0;+60,)q,—F(0,) —F(0,)2w,— (0;+0,)q,— F(0,) —F(6,),
wi, = (0,+0,) g1, — F(6,) —F(6,) =0,
Wy — (0,+86,) gy — F(0,) —F(6,) =0,
and wy, — 20,9, —2F(0,)=20, i=1,2andj=1, 2.



Multiple Agents and Countervailing Incentives (Kobayashi)

(17)

From the binding conditions, the monetary transfers are

+q,+2
w, =207+ (0,6, (W} 2F(6,),

1= Wy = (0,%0,)q,+(0,-0)q,, +2F(0,),
and w,,=20,q,,+2F(0,).

w

Substituting these transfers into (P-2) and taking the first order conditions with respect to g; yield

S,(q]) =20,
p
S‘,(qu) = Sq (qél) = 01 + 02+ ﬁ (92_ 491),
and S, (q},) =24,

We must have F(6,) — F(8,) < (0,—6,)q}, The firms payoffs are

Up= <02_€1)qi2+F(02) _F(01)> 0.
Uy, =y, =0,

and u,,=0.

Regime 2-3

We consider the case in which the following constraints are binding:

(1)22_202(]22 - 2F<02) > Wy — <6i+ 0) q; _F(GL) —F(ﬁj),
w,, ~20,q,,~2F(0,) >0,
w,—(0,+60,)q,-F(@0)-F(@, >0,
and w, — (0,+0,) g, —~F(@)—-F@,)>0, i=12and j=1, 2

From the binding conditions, the monetary transfers are

w, =20,q,+2F,).
w,=(0,+0,)q,+(0,-0,)q,+2F)
W, = (01 + 02) qy, T (‘91_ 02) q, +2F(61>

9+ )+ SF(gl) +F(02)
4 2 '

and w,,=20,q,,+ (0, — 02)(

Substituting these transfers into (P-2) and taking the first order conditions with respect to g; yield
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(1-p)
S,(qif) =26, 2 6,-6).

I-p
,(a) =5, (a3 = 0,40, (2 0,-0).

and S, (q,) =24,

In this case, we must have (0,—6,)q{’<F(0,) —F(0,) < (0,-6))q} .
The firms’ payoffs are

() ST PO

Regime 24

Suppose that the following constraints are binding:

Wy~ 205955~ 2F(02) >wiy—205q15— ZF(Hz),
Wy = 205G~ 2F(0,) 2wy — 20,9, — 2F(6,),
wy,— (0,+0,)q,,— F(0,) —F(0,)=w,,— (0,+6,)q,,— F(0,) —F(6,),
Wy = (0,+0,) gy —F(6,) —F(0,)=w,,— (0,+6,)q,— F(0,) —F(6,),
and wy, — 20,9y, — 2F(6,) =0.

From the binding conditions, the monetary transfers are

wll = 261(111 + 2F(81) ’
wlZ = le = (01 + 92) q12 + (91 - 02) qll + ZF(QI)'

q,%q

and w22=2(92q22+ <01_02)( P) = +Q11)+2F(91>'

Substituting these transfers into (P-2) and taking the first order conditions with respect to g; yield

, (1-p?»
S.(ai) =20, = —5—(0,-0,).
(1-p)
Sq(q{;zc):Sq(q;lC):gl_}.gz— 2p (62_01),

and S,(q},) =26

9

We must have (8,—0,)ql°<F(6,) —F(0,). The firms’ payoffs are
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u, =0,
Up = Uy~ (61 - 02> qfiC+F(01) _sz) >0
9ty

and u,,= (6, - 6,)| =

+2q¢| +2F(6,) —2F(0)> 0.

Regime 2-1 is summarized in Proposition 3. Regime 2-4 is summarized in Proposition 4.
This completes the proofs.

References

[1] Baron, D. P. and R. B. Myerson (1982), “Regulating a Monopolist with Unknown Cost,” Econometrica, 50: 911-930.

[2] Baron, D. P. and D. Besanko (1992), “Information Control, and Organizational Structure,” Journal of Economics
and Management Strategy, 1 (2): 237-275.

[3] Baron, D. P. and D. Besanko (1999), “Informational Alliances,” Review of Economic Studies, 66: 743-768.

[4] Dana, J. D. (1993), “The Organization and Scope of Agents: Regulating Multiproduct Industries,” Journal of
Economic Theory, 59: 288-310.

[5] Gilbert, R. J. and M. H. Riordan (1995), “Regulating Complementary Products: A Comparative Institutional
Analysis,” Rand Journal of Economics, 26 (2): 243-256.

[6] Jullien, B. (2000), “Participation Constraints in Adverse-Selection Models,” Journal of Economic Theory, 93: 1-47.

[7] Kobayashi, S. (2018), “Collusion, Countervailing Incentives, and Private Information,” mimeo, 1-20.

[8] Laffont, J. J. and D. Martimort (2002), The Theory of Incentives: the Principal-Agent Model, Princeton University
Press.

[9] Laffont, J. J. and J. Tirole (1993), A Theory of Incentives in Procurement and Regulation, Cambridge: MIT Press.

[10] Lewis, T. and D. Sappington (1989), “Countervailing Incentives in Agency Problems,” Journal of Economic
Theory, 49: 294-313.

[11] Maggi, G and A. Rodriguez-Clare (1995), “On Countervailing Incentives,” Journal of Economic Theory, 66: 238-263.

[12] Severinov, S. (2008), “The Value of Information and Optimal Organization,” Rand Journal of Economics, 39 (1):
238-265.



