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Abstract

An organization is referred to as diarchy if it appoints two executives with the same
responsibility. This paper explores rationale behind diarchial organizations, starting
from their most intriguing feature: A diarchy is often composed of two agents with
ambiguous authority allocation. We study a model where a principal must rely on a
biased agent for information and execution. To seek extra advice, she can appoint a
supervisor with intrinsic preferences over dissenting voice. However, the supervisor
may collude with the agent and advocate the latter’s advice in communication. For the
principal, the only way to prevent potential collusion is to make the supervisor roving.
Nevertheless, the signal disclosed by the roving supervisor may become completely
uninformative. We show that when vertical conflict of interest is moderate, adaptive
diarchy emerges in equilibrium, and is characterized by three features. First, there exists
a stationary supervisor. Second, although ex ante contingent delegation is impossible
with the principal’s lack of necessary expertise, the allocation of real authority is
adaptive ex post. Third, the supervisor and the agent are of slight difference of opinion
and similar relative status. We then embed our baseline setting in an infinite-horizon
model to explore the historical regime shift from roving to stationary supervisors. We
show that adaptive diarchy emerges in the proceed of the principal’s learning about

the extent to which enhancement of control erodes agents’ participation.
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“Two heads were better than one.”

—John Whitehead, former co-chairman of Goldman Sachs

“A body with two heads is in the social as in the animal sphere a monster,
and has difficulty in surviving.”!

— Henri Fayol (1841-1925)

1 Introduction

An organization is referred to as diarchy if it appoints two executives with the same respon-
sibility. Despite the criticism of inefficiency, as quoted in our second epigraph, diarchy
can be widely found among not only business but also political organizations. A number
of well-known firms, including Goldman Sachs and Google, have appointed two people
to lead a department or even the whole corporation. John Whitehead, who shares chair-
manship of Goldman Sachs with John Weinberg during 1970s and 1980s, once commented
on the arrangement of dual chiefs, “Two heads were better than one.” When we turn to
public sectors, a government under two heads is reminiscent of Roman Republic when
two people jointly performed consulship. The quintessence of political diarchy, however,
must be the Chinese state. In imperial era, emperors appointed two high-rank officials to
jointly govern a province, such as Zongdu and Xunfu in the Ming and Qing dynasties. In
modern China, the regime of diarchy prevails with the establishment of party-state. Each
province (city) is governed by a party secretary and a governor (mayor); Universities are
under the administration of both presidents and chiefs of party committee; Troops are led
by commanders and commissars......

This paper explores rationale behind diarchy in lens of organizational economics, start-
ing from the most intriguing feature of the regime: A diarchy is often composed of two agents
with ambiguous authority allocation and similar administrative ranks. A straightforward ratio-
nale for an organization to appoint two agents is to introduce check and balance between

them. The purpose seems to be very limited in both practice and theory. In many ex-
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amples in China, the party secretary in a city concentrates de facto power, leaving no
real authority to the mayor. Moreover, potential collusion between the two agents may
erode mutual checks, the target that the regime of diarchy should have been expected
to achieve. Another common justification focuses on division of work associated with
diarchial arrangements. Some conventions indicate that in China, while party secretaries
focus on political dimension including personnel and party affairs, mayors are mainly in
charge of economic development. However, in numerous cases, party secretaries initiate
and dominate the process of policymaking concerning business and industry in fact. The
complexity stems from two features underlying most diarchial arrangements. One the one
hand, the allocation of authority between the two agents is often specified in an ambiguous
way; on the other hand, the two agents have similar ranks or status, especially due to the
fact that neither agent has the right to fire or remove the other one. Consequently, de facto
authority allocation within a diarchy is subject to flexible adjustments in reality.

Hence, we investigate how real authority is allocated ex post within a diarchial orga-
nization, given that delegation of formal decision-making authority is rigid ex ante. We
attempt to describe four features observed from Chinese diarchial regimes. First, one of the
agent is the de jure stationary supervisors appointed by the principal. Main provincial officials,
Xunfu in the Qing dynasty and party secretaries in modern China, are in fact centrally
appointed supervisor, who stays in their jurisdictions and work together with their local
colleagues (Buzhengshi or governors). Second, the allocation of authority between the two agents
is ex ante ambiguous. As already seen, authority allocation and task assignment between
party secretaries and mayors are always conditional on specific contexts. Third, the two
agents have similar status, ranks, and even other relevant types. In a province, Zongdu and
Xunfu, or party secretaries and governors, share the same or closely similar administrative
ranks. In each case, neither a party has the right to remove or demote his counterpart.
More importantly, because the Chinese bureaucracy is highly fluid with frequent rotation
and promotion, those provincial officials are greatly homogeneous. Finally, it is often the
case that roving supervisors become stationary, and de facto diarchy emerges. Literally, Xunfu
means “roving supervisors on behalf of the Emperor”, and it was not a permanent position

in provinces at the outset in the Ming dynasty. Only after decades since its appearance had
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the position become standing in provinces. We think that the four features, especially the
tirst three ones, apply in broader situations where an organization adopts some form of
diarchial arrangement, such as co-chairmanship in Goldman Sachs.

We study in a setting in which an uninformed (female) principal (the P, for short) con-
sults an informed (male) manager (the M, for short) before adopting a project. Although
both individuals want to avoid the disastrous choice, their ideal projects are different, so
that their interests are imperfectly aligned. Lack of necessary expertise in identities of
possible projects, the P has to seek advice from the M. She also finds it is prohibitively
costly to implement a project, so that she always cedes execution of her decision to the M.
The chosen project delivers private benefits to the agent, but he must exert costly effort
for its success. Implementation costs are random, drawn from a distribution depending
on some exogenous binary state of the world which only the M privately knows. In this
introduction, we refer to the two possible states as simply “crisis times” and “normal
times”. Compared to normal times, the chosen project is more likely to fail in crisis times.
Hence, relative stakes of the agent’s initiative in execution is higher in crisis times. In a
complete-information benchmark where the P knows both project identities and the state,
she is faced with the fundamental trade-off: adopting her ideal project maximizes her
interests ex post, but decreases the M’s incentives for execution of her decision. The optimal
adoption of a project depends on conflict of interest. When conflict of interest is small, the
P prefers the agent’s ideal project which empowers the M to execute her decision. In this
case, her initiative concerns dominate. By contrast, costly loss of control lead to the adoption
of the P’s ideal project when their interests are extremely misaligned so that her control
concerns dominate. More interestingly, when conflict of interest is moderate, the optimal
adoption is contingent on the state. Specifically, in crisis times, the P chooses the M’s ideal
project to increase his initiative in execution. In contrast, in normal times, she adopt her
ideal project to avoid costly loss of control. Hence, in this case, the optimal decision turns
out to be contingent adoption, and her adaptation concerns emerges.

Under private information, the P may appoint a (male) supervisor (the S, for short)
to seek extra advice. The S is of exogenously given two-dimensional type. The first one

is difference of opinion. That is, he obtains an intrinsic gain if he dissents from the M in
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communication, advising the P on the adoption of a different project. The second one is
his relative status, which determines his bargaining power with the M. The S has the same
access to information as that of the M. With full commitment, th P can initially choose
among three possible formal regimes. The first formal regime is the Absent Supervisor (AS')
where the P does not appoint a supervisor ex ante. The organization is thus composed of
only the P and the M. Under the second possible formal regime, the P appoints a supervisor
who exits the game instantly after his advise is received. In this scenario, the S has no
access to implementation of the chosen project, and thus cannot be granted any effective
claim on private benefits delivered by it. We refer to this regime as the Roving Supervisor
(RS). Finally, in contrast to R.S, the third formal regime is the Stationary Supervisor (S5)
under which the S stays in the continuation game when the P’s decision is made and
executed. Therefore, the key difference between RS and SS is the timing when the S exits
the game, which in turn determines whether or not the S can potentially obtain control
over final execution. After the S is appointed, he makes a take-it-or-leave-it proposal,
suggesting that the M share control over execution with him and he advocate the M’s
advice in communication. If the M accepts it, the S obtains partial control over execution,
which ensures him a credible part of claim on private benefits yielded by the chosen project.
Then, the two agents (the S and the M) simultaneously give their advice on project adoption
which is soft or nonverifiable, and the P makes her decision after communication. In the
tinal stage, if the S stays and has reached agreement with the M, the two agents jointly
execute the P’s decision and divide the private benefits by their relative status. The P
receives a larger share the higher his relative status is. Never can the P use monetary
transfer that is contingent on collusion, their disclosure behavior, or execution effort.
This framework captures fundamental themes encountered by many organizations
which adopt diarchial arrangements. In particular, we take into account collusion between
the two agents and elaborate the essential role it plays in diarchy. Analogous to Aghion and
Tirole (1997), in our setting, superior knowledge of agents entails the difference between
formal and real authority. However, there are three noteworthy differences. First, agents
are exogenously informed in the current setting. Instead of considering costly information

acquisition, we focus on agents’ incentives for execution of the P’s decision. Second, in
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our setting, the fundamental initiative and loss of control trade-off depends on the state
of the world. Hence, besides initiative and control concerns, we introduce adaptation
concerns when analyzing the allocation of authority. Third, and the most subtle, whereas
Aghion and Tirole studies the choice between delegation and centralization, we investigate
the allocation of real authority. In our setting, the P retains formal authority, and ceded
real authority to agents with superior expertise. Nevertheless, faced with two agents
with difference of opinion under diarchy, the P is able to allocate real authority ex post,
choosing whose recommendation to rubber stamp. This captures the substantive notion
that authority allocation is ex ante ambiguous and subject to ex post adjustment within a
diarchial organization.

Our main result is that when conflict of interest between the P and agents is moderate,
adaptive diarchy emerges in equilibrium, characterized by three features: existence of a
stationary supervisor, adaptive allocation of real authority, and the combination of slight difference
of opinion and similar relative status. Let us discuss each one. First, appointing a supervisor
with intrinsic preferences over dissenting voice, the P can make information about her
ideal project revealed. However, given the cheap-talk nature of communication, she can
only observe whether she receives dissenting or unanimous advice. If the supervisor is
roving without any access to private benefits delivered by the chosen project, the S will
never advocate the M’s advice. Regardless of the state, communication always exhibits
dissension. Consequently, the P retains her prior belief after receiving agents” advice, and
thus her decision can never be tailored to the state of the world. Hence, RS is diarchial, but
not adaptive. By contrast, if the S is stationary, collusion between agents become possible.
From the perspective of the M, whereas accepting the S’s proposal on collusion limits his
ability to extract rents in the execution stage, advocacy from the S ensures the adoption of
his ideal project, increasing the total expected gains. In equilibrium, collusion succeeds
in crisis times, but fails in normal times. Therefore, depending on the state of the world,
their strategic disclosure exhibits dissension or unanimity, from which the P acquires
relevant information. Having updated her beliefs, she is then able to make her decision
that is contingent on the state. Hence, under some conditions, existence of a stationary

supervisor leads to adaptive diarchy. Second, in equilibrium, the allocation of real authority
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is adapted to the state of the world under SS. Specifically, in crisis times, she cedes real
authority to the M who has reached agreement with the S to ensure unanimous voice in
communication. By contrast, in normal times, real authority within the organization is
held by the S who, having failed to have his proposal accepted, never advocates the advice
of the M. Hence, although ex ante contingent delegation is impossible with the P’s lack
of necessary expertise, the allocation of real authority is adaptive ex post when adaptive
diarchy emerges. Finally, were the intrinsic gain that the S obtains from dissenting voice
too large, he could never commit to advocacy in communication, so that collusion between
the two agents would always fail. On the other hand, were the S’s relative status too low or
too high, the M would always accept or reject his proposal regardless of the state of the
world. Hence, adaptive diarchy emerges with two agents of slight difference of opinion
and similar relative status.

Equipped with these results, we finally embed our baseline setting in an infinite-horizon
model to explore the historical regime shift from roving to stationary supervisors. Our
main ideal is that adaptive diarchy emerges in the process of the P’s learning about the extent to
which enhancement of control erodes agents” participation. To introduce the learning concerns,
we assume that the P is now uncertain about the feasibility of her ideal project. In this
scenario, both RS and SS can end up with learning about the feasibility, albeit through
distinct mechanisms. Specifically, if the P chooses R.S, she can choose her ideal project and
learn its feasibility directly from the outcome of execution. We refer to this mechanism
as delegated experimentation. On the other hand, under SS, dissension or unanimity in
communication reveal information about it, which we refer to as adaptive communication.
We show that given the prior belief of the P, if conflict of interest is sufficiently large, she
will choose RS at the outset. However, if execution of her initial decision turns out to
fail, she downgrades her belief. Should she witness so many failures associated with her
enhancing control, she will choose SS to make her decision adaptive, tolerating collusion
between agents to avoid costly violation of their participation constraint. Consequently, we
can observe the regime shift from roving to stationary supervisors.

The paper is organized as follows. The next section reviews the literature. Section 3

presents the baseline model and discuss the P’s different concerns in a complete-information
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benchmark. Section 4 analyzes the outcome of strategic communication in subgames of
each formal regimes, describing the ex post allocation of real authority. In Section 5, we
establish the condition under which adaptive diarchy emerges in equilibrium, identifying
the key features of the regime. Finally, we embed our baseline setting in an infinite-horizon

model to investigate the dynamic regime shift in Section 6, and conclude in Section 7.

2 Related Literature

Our paper builds on the literature of authority allocation in organizations and focuses on
the importance of adaptation(see Gibbons and Roberts (2013) and Bolton and Dewatripont
(2013) for a review). The seminal contribution of Aghion and Tirole (1997) suggests that
the delegation of authority faces a basic trade-off between initiative and loss of control. Such
trade-off is state-dependent (Aghion and Reenen (2021)) and state-contingent delegation
is therefore preferred (Aghion and Bolton (1992),Aghion and Dewatripont (2004) and
Krahmer (2006)). The state, however, is sometimes non-contractible and state-contingent
delegation is impossible. Organizations, both in private sector and in public sector, therefore
benefit from adaptation and flexibility (see Bernheim and Whinston (1999), Dessein and
Santos (2006), Alonso and Matouschek (2008), Rantakari (2008), Callander and Krehbiel
(2014) and Garicano and Rayo (2016)). Our paper contributes to the literature by showing
that diarchy allows for adaptive allocation of real authority and achieves ex post state-
contingent delegation even when the state is non-contractible.

Our paper contributes to the literature concerning vertical strategic communication and
emphasizes that dissent among agents is necessary but not sufficient condition for effective
communication. It is accepted in the literature that dissent among agents fosters costly
information acquisition (Che and Kartik (2009), Dessein and Gertner (2010) and Itoh
and Morita (2023)) and the use of objective information (Dewatripont and Tirole (1999)
and Landier and Thesmar (2009)). Such opinion is also supported by empirical evidence
(Landier and Thesmar (2013)). In cheap talk models (Crawford and Sobel (1982) and
Farrell and Rabin (1996)), endogenous conflict among multi-senders is also important and

the receiver benefits from resulting increased information (Battaglini (2002), Ambrus and
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Takahashi (2008), Chakraborty and Harbough (2010) and Sobel (2013)). In principle, we
model diarchy in a multi-dimensional cheap talk setting with multi-senders, and we show
that state-contingent collusion between agents, along with dissent, plays an important role
in effective communication.

In political economy, diarchy (or power duality) is popular and is always considered
as means for “divide and rule” or “check and balance” (Acemoglu and Verdier (2004),
Dragu and Kuklinski (2014) and Li (2019)). Our paper provides an alternative rationale
for understanding diarchy, focusing on adaptation it allows. Moreover, a large strand of
literature documents the performance of party-state in China (e.g., Bai and Song (2020)),
but less is known about the organizational structure behind it. Our paper provides a

preliminary research on the topic of party-state through lens of organizational economics.

3 Model

3.1 The Basic Setting

An organization composed of a (female) principal (P) and a (male) manager (M) must
implement one project whose cost of execution depends on a state of the world, # € {0,1}.
The P retains formal authority to make the decision, but lacks the necessary expertise in
both the identities of possible projects and the state. She also finds it prohibitively costly to
execute her choice. Hence, she has to rely on the M for information and implementation.
The P may additionally appoint a (male) supervisor (S) to gain extra advice, whereas
potential collusion between the M and the S cannot be prevented. We shall later consider
further details. Throughout, subscripts of P, M, and S refer to the principal, the manager,
and the supervisor, respectively. We refer to the two subordinates (i.e. the M and the
S) commonly as agents whenever we do not distinguish between them. All players are

risk-neutral.

Projects. There are four possible projects, indexed by n = 0, 1, 2, 3. The payoff of project
n consists of three parts: (Il,, B,, F,). If successfully implemented, the project deliver

benefits II,, to the P and B,, to agents. We shall later consider how B,, is divided between
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the M and the S. If agents put no effort into execution, the project will fail and all players
are paid the same amount F,,. The set of projects is denoted by N := {0, 1, 2, 3}. Project 0
is the default project with II, = By = F;, = 0. Formally treated as a project, it corresponds
to status quo or no project’s being implemented. Among the remaining projects are a
disastrous project, the P’s ideal project and the agents’ ideal project. The disastrous project
is terrible for all parties: II,, = B,, = F}, = —o0, regardless of implementation. If succeeding,
the P’s ideal project yields 1I,, = R; and B,, = r;, while the agents’ ideal project yields
II,, = Ry and B,, = ry, where Ry > R, > 0 and r, > 7 > 0. The imperfect alignment of the
P’s and the agents’ interests can be thus captured by the parameter x := R,/ Ry > 1.

A key difference between our setting and that of Aghion and Tirole (1997) is that
we assume that agents can privately observe identities of each project without costly
investigation. We refer to identities of each project as the link between projects and
associated payoff vectors. Formally, the set of possible payoff vectors is denoted by
R = {(0,0,0), (R1,71,0), (Ra,72,0), (—00, —00, —00)}. Agents initially have the private
expertise in the bijective map y : N' — R. The identity of the default project (i.e. project
0) is public information. Specifically, the P believes that each bijective map from A to R
with x (0) = (0,0,0) is equally likely. The prior beliefs of the P is common knowledge.
Although ex post information acquisition in Aghion and Tirole (1997) is replaced by ex
ante superior knowledge of agents, we can also expect the difference between formal and
real authority in our setting, as discussed in details later. In particular, there is still an
underlying congruence between the P and agents in our setting. That is, the P prefers
agents’ preferred decision to her either doing nothing (i.e. choosing project 0) or making
a decision at random (because of the existence of the disastrous project). This partial

congruence is a key condition to delegation of real authority.

Implementation Costs. Implementation of project n € N’ commonly incurs a cost ¢ € R
which is realized only after the decision is made by the P. Once realized, c is privately
observed by agents. Initially, all parties know that implementation costs c are drawn from

a state-dependent distribution with CDF F' (-|#). The state of the world 6 € {0, 1} is initially



privately observed by agents. The prior belief of the P is
Pr(0=0)=m¢€(0,1),

which is also common knowledge. For project n with payoff (Il,,, B,, F},), the probability
of successful execution, F'(B,|0), measures agents’ incentives to implement the project.
Hence, agents’ initiative depends on the state. The vague discussion about state-dependent

initiative may be clarified by the following assumption that we shall maintain hereafter:

Assumption 1 (Monotone Likelihood Ratio Property). Forall§ € {0,1},71,ry € Support (F (-|0))
and 0 ¢ Support (F (-0)). For all x € Support (F (-|9)), the likelihood ratio

f (|0 = 0)
f (x| =1)

is strictly increasing in x.

The monotone likelihood ratio property implies that higher implementation costs are
more likely to realized at state § = 0 than at state § = 1. Intuitively, this means that stakes
of agents’ initiative in execution are relatively higher for the organization at state § = 0.
Heuristically, the realization of the state # = 0 could be understood as some “crisis times”,
whereas the state § = 1 corresponds to “normal times”. Decisions of an organization are
presumably more likely to fail in crisis times, so that agents’ initiative in execution become
more crucial for its success than in normal times. One prominent view of Aghion and
Tirole (1997) is that delegation of authority engenders initiative versus loss of control
trade-off. Although there is no costly information acquisition in our setting, we can still
analyze implications of this trade-off on authority allocation, focusing on agents’ initiative

in execution and implementation.

Communication. After privately observing the state ¢ and identities of each project x,
agents (both the M and the S) strategically discloses information to the P. Communication
is soft or nonverifiable. Given the simple setting of our model, any soft claims about either

the state or project identities could be expected to be inflated. Hence, we restrict attention
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to cheap-talk recommendations: each agent i = M, S advises the P on the adoption
of one project m; € M = {1,2,3}. Note that since the identity of the default project
is common knowledge and information acquisition is not considered, we assume that
neither agent recommends non-adoption (i.e. m; = 0). Signals m); and mg are, at least
partially, informative, for two reasons. First, as discussed before, the underlying congruence
between parties implies that the disastrous project will be never recommended, so that
X (mar) , x (ms) € {(R1,71,0), (R2,72,0)}. Hence, the signals are partially informative of
project identities. Second, if the S is appointed, communication will exhibits either dissent
(i.e. my # mg) or unanimity (i.e. my = mg), revealing information about the true
state. We postpone the formal analysis of this point until the next section. In a nutshell,
dissent/unanimity of agents’ advice may become perfectly informative of the state in

equilibrium under some conditions.

Supervisor. The P may appoint a supervisor to seek extra advice. Specifically, she designs
ex ante two contractible aspects of the appointment with full commitment. First, the P
chooses whether or not to appoint a supervisor. The S will be rewarded with v > 0 should his
recommendation be different from that of the M (i.e. mg # mys). As a minimum way to
model difference of preferences between the two agents, we assume that v is exogenously
given and sufficiently small (i.e. v = ¢ > 0). The small reward v can be interpreted as
monetary transfer contingent on dissent/unanimity of agents” advice, or simply as intrinsic
gains that the S obtains from exhibiting different opinion in communication.” Second, the
P chooses whether the S is roving or stationary. Specifically, the S could either exit the game
instantly after his advice has been received (in which case we refer to the S as a “roving”
one), or stay in the continuation game when the decision is made by the P and implemented
by agents (in which case we refer to the S as a “stationary” one). There is no asymmetric

information between the M and the S, both of whom privately observes the state § and

project identities y.

2We can allow the P to choose the magnitude of v ex ante. It can be shown that in equilibrium, v is set to
be positive and sufficiently small so that diarchy remains adaptive. We postpone this discussion until after
the equilibrium choice of the formal regime is established. If we interpret v as the S’s intrinsic gains from
exhibiting different opinion, this result means that the P prefers to appoint a supervisor of some slightly
different type from that of the M.
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A key feature of our model is that collusion between the S and the M is allowed.
Although formal authority remains in the hand of the P, the M controls implementation
of her decision. For expository simplicity, we refer to his control over execution as power.
Power translates to a credible claim on the net private benefit, B, — ¢, of project k once it is
chosen and successfully implemented. If the S is appointed, he can propose that the M
share the power with him in return for his manipulating his advice. We model the potential
collusion between them as veto bargaining (Romer and Rosenthal (1978)) over power and
associated claims, where the S acts as a proposer, and the M as a vetoer. Specifically, the S
may choose to make a take-it-or-leave-it proposal (ds € {0, 1}), suggesting that the M share
the power with him and he recommend the agent’s ideal project (i.e. x (ms) = (R2,12,0))
in return. The M then decides whether to accept the proposal or reject it and preserve
the full claim on By, — ¢ (dy € {0,1}). So long as agreement is reached, the S obtains
credibly partial control over execution of the chosen project, which ensures his claim on
v € (0,1] of By, — c. Interpreted intuitively as the S’s bargaining power, or status relative to
the M, v is exogenously given and common knowledge. Given the state 6, if agreement
is reached and project k is chosen by the P, the S and the M therefore have the following
expected payoffs from implementation of the project respectively: bg (By, 0) ==~V (By|0)
and by (By, 0) = (1 — )V (Bk|#), where

V(z|0) =E[(x—c)1{x—c>0}]. (1)

Note that since it is the net private benefit that is divided, collusion between the two agents
is irrelevant to their aggregate initiative in execution, measured by F' (B;|f), regardless of
the S’s status . Hence, agents’ initiative depends only on the P’s decision k € A and the
state § € {0, 1}. It is also worth noting that we only assume that agreement on power and
claims is credible. The S commits to his proposal on advising the agents’ ideal project for

more subtle reasons, which we shall elaborate in the next section.

Contracts and Formal Regimes. We adopt the common approach of incomplete contract-

ing (Grossman and Hart (1986)) by positing that the state, projects, and agents’ effort
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cannot be described and contracted on ex ante. In particular, both contingent transfer and
contingent delegation are infeasible. Specifically, the P can neither use monetary transfer
that is contingent on agents’ effort exerted towards execution, nor choose the allocation of
authority and the arrangement of a supervisor that are contingent on the state. Only two
issues are contractible. First, the P can commit to the initially specified arrangement with
respect to the supervisor (i.e. whether the S is appointed and whether the S is roving or
stationary). Second, agreement on power and claims is credible once collusion between
the S and the M succeeds. Arrangements with respect to the supervisor give rise to three
possible formal regimes, among which the P selects ex ante with full commitment. Let us

discuss each one:

o Absent Supervisor (AS): The P appoints no supervisor, so that the organization consists
of the P and the M. The P retains decision-making authority and relies on the M for

recommendation. The M controls implementation of the project chosen by the P.

e Roving Supervisor (RS): The P appoints a supervisor who exits the game instantly
after his advice has been received. With no access to execution, the S cannot be
granted any effective claim on private benefits of the chosen project. The P retains
formal authority and solicits advice from both the M and the S. The M alone has

control over execution of the P’s decision.

e Stationary Supervisor (SS): The P appoints a supervisor with relative status v €
(0, 1] who stays in the continuation game when the decision is made by the P and
implemented by agents. If the S reaches agreement with the M, he obtains an effective
claim on 7 of net private benefits of the chosen project. The P retains formal authority
and solicits advice from both the M and the S. If collusion between the S and the M
succeeds, the two agents jointly control execution of the P’s decision and divide the
net private benefits by their relative status. Otherwise, the M preserves his power

and associated full claim.

Let f € {AS, RS, SS} denote the P’s ex ante choice of the formal regime. Note that as

discussed in the introduction, we focus on ex post allocation of real authority under diarchy.
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Hence, in contrast to Aghion and Tirole (1997) who consider implications of delegation

of formal authority, we maintain the presumption throughout that the P retains decision-

making authority and never delegates it to agents.

Timing. The sequence of events is as follows.

1.

2.

10.

The P chooses the formal regime, f € {AS, RS, SS}. It is publicly observed.

The state of the world § € {0,1} and identities of each project x : N' — R are
realized. Both 6 and  are privately observed by agents. The P has prior belief that
Pr(6 =0)=m.

. If an supervisor is appointed, the S chooses whether to make a proposal (ds € {0,1}),

suggesting that the M share control over execution with him. It is privately observed

by agents.

The M decides whether to accept the S’s proposal (dy; = 1) or reject it and preserve
his complete power (d; = 0). It is privately observed by agents.

. The M and the S (if appointed) simultaneously advise the P on the adoption of a

project, my;, mg € M. Their recommendations are publicly observed.
If f = RS, the S exits the game. If f = 55, the S stays in the continuation game.

The P makes the decision, k € N.

. The implementation cost c is drawn from the state-dependent distribution with CDF

F (-|0). It is privately observed by agents.

. If f = 95 and collusion between the S and the M succeeds (i.e. dsdy; = 1), the two

agents jointly decide whether or not to implement project k. Otherwise, the M alone

decides whether or not to implement it. Their execution effort is noncontractible.

If successfully implemented, project £ delivers Il to the P and Bj, to agents. The
two agents divide By, — c by their relative status, and the S obtains 7 (By, — ¢) (only if
f =SS and dsdy = 1). If it fails, all players are paid Fj.
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The timing of the game can be recapitulated as four sequential parts: organization design,
power sharing, decision making, and implementation stage. During the organization design,
the P selects the formal regime. During the power sharing, the S and the M chooses
whether or not to reach agreement on power and claims. During the decision making, the P
communicates with agents and then makes the decision. Finally, during the implementation
stage, agents choose whether or not to implement the chosen project. Our solution concept
is Perfect Bayesian Equilibrium, which we refer to as, for short, equilibrium hereafter. We

restrict attention to pure strategy equilibria.

3.2 Initiative, Control, and Adaptation

As a prelude to our analysis, it is useful to identify the trade-off faced by the P and discuss
her different concerns in a complete-information benchmark. We maintain the presumption
that the P finds it prohibitively costly to execute her decision, so that she cedes control over
implementation to agents. If project k& € N is chosen, she has the expected gain II; F' (By|0).
Recall that the P and agents have preference conflicts over projects because R; > R, and
ro > r1. Hence, the expression sheds light on the initiative versus loss of control trade-oft:
selection of agents” ideal project creates incentives for them to execute the P’s decision, but fails to
maximize her interests ex post. Note that in contrast to Aghion and Tirole (1997), the trade-
off is engendered by the agents’ control over decision execution rather than information
acquisition. Moreover, while the choice between delegation and centralization is the main
theme of them, we focus primarily on implications of the trade-off on the allocation of real
authority. We return to this point later.

Recall that agent’s initiative in execution, measured by F' (By|6), depends on the true
state 0. As discussed before, the state of the world determines stakes of effort exerted into
implementing the chosen project, with failure being more likely to happen at state § = 0.
Thus, the fundamental trade-off between initiative and loss of control is state-dependent.
Specifically, the following Lemma turns out to play an essential role in elaborating the

impact of the state; its proof, and all subsequent proofs not in the text, are in the Appendix.
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Lemma 1 Define V (r|0) = E[(r —c¢) 1 {r —c > 0}|6] forall 6 € {0,1}. Then,

F(ra0=1) F(rs]0 = 0)

1
SFme=1) S Fre=0)

and
V(r|0=0) V(rnl0=1)

O Vo =0) “ V(o =1)

< 1. (3)

We postpone the second inequality until when we discuss the relative status of the S,
7. To understand the lemma, note that the ratio £ (r2|6) /F (r1|6) captures the magnitude
of increased initiative associated with the P’s selecting agents’ ideal project. Hence, the
inequality (2) establishes a comparison of increased initiative at state § = 0 with that at
state = 1. The result confirms the intuition that the increase in incentives for execution
should be larger at the state when it is more likely that a project fails to deliver payoffs.

Define the two critical values:

_ F(r]0=1) _ F(r]0=0)
Ky = Fro=1) and k, = g =0) (4)

Lemma 1 therefore establishes that 1 < k; < k.

We are now in a position to elaborate the P’s possible concerns entailed by agents’
control over execution and their state-dependent initiative to exert effort. It is useful to
tirst ignore strategic communication, assuming that both the state § and project identities
x are publicly observed. In this benchmark, formal regimes are irrelevant and contingent
adoption of projects becomes possible. Nevertheless, the P is still faced with the trade-oft
between initiative and loss of control, relying on agents for executing her decision with
conflict of interest. Recall that the parameter ~ = R;/R, > 1 captures misalignment of
interest between the two parties. If conflict of interest is sufficiently small that x < k; < Ky,
we have Ry F' (13]0) > Ry F (r1]0) for all § € {0, 1}. That is, when conflict of interest between
the two parties is small, the P always chooses the agents’ ideal project regardless of the state
of the world. In this case, the benefit from improved incentives for execution outweighs

the the costly loss of control. We refer to (1, x;) as the initiative region, where, faced with

small conflicts, the P would prefer to empower agents by adopting agents’ ideal project
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were information complete. Hence, her initiative concerns dominates in this region. Let
us now consider the opposite case where interests between two parties are extremely
misaligned so that x > , > x;. Then, for all § € {0,1}, R F (r1|0) > R2F (r3]0). Thus,
the P chooses her ideal project independent of the state. In this case, conflict of interest
entails highly costly loss of control. We refer to (x,,, +00) as the control region, where the
P’s control concerns dominate. Finally, we turn to the case where conflict of interest is
moderate: x; < k < k,. In this region, contingent adoption emerges. Specifically, we have
RoF (r2|0 = 0) > Ry F (r1]0 = 0) and Ry F' (r1]0 = 1) > RyF (3]0 = 1). Therefore, while the
P prefers to empower agents to execute her decision at state f = 0, she would like to choose
her ideal project at state § = 1 even though it decreases the initiative gains. In other words,
were the state of the world and project identities publicly known, the optimal adoption would be
adapted to 0 when conflict of interest is moderate. Contingent adoption stems from implications
the state of the world has on stakes of agents’ initiative. Assumption 1 implies that failure
is more likely to happen at state 6§ = 0, so that stakes of effort exerted into execution are
higher than those at state § = 1. Thus, it is reasonable that when interests between two
parties are moderately misaligned, initiative concerns outweigh control concerns at state
§ = 0 whereas loss of control becomes too costly at state § = 1. We refer to (k;, k,,) the
adaptation region where moderate conflict of interest gives rise to adaptation concerns. We

summarize as follows:

Claim 1 (Benchmark). If the state of the world 0 and project identities x are publicly observed,
then:

(a) If 1 < Kk < K, the P prefers to choose project k (0) such that x (k (8)) = (Ra,12,0) for all

8 € {0, 1}. Hence, initiative concerns dominate in the initiative region (1, k;);

(b) If ki < Kk < Ky, the P prefers to choose project k (0) such that x (k (0 =0)) = (Ra,72,0)
and x (k (0 = 1)) = (Ry,71,0). Hence, adaptation concerns emerge in the adaptation region

(Kis Ku);

(c) If Kk > Ky > Ky, the P prefers to choose project k (6) such that x (k (0)) = (Ry,71,0) for all

6 € {0, 1}. Hence, control concerns dominate in the control region (k,,+00).
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Under private information, agents are endowed with superior expertise, and the I’ has
to rely on them for recommendation. Given noncontractibility of information provided by
agents, formal regimes specified ex ante matter now, determining how informative strategic
communication is of the state of the world and project identities. Could the uninformed P
design formal regimes ex ante to satisfy her concerns (initiative, control, or adaptation) ex
post? In particular, when conflict of interest is moderate, how will a formal regime allow

her decision to be adapted to the true state?

4 Absent, Roving, and Stationary Supervisors

This section analyzes the outcome of strategic communication in subgames of each formal
regime. As discussed in Section 3, there are three possible formal regimes. Under Absent
Supervisor (AS), the P relies solely on the M for advice and execution. Under Roving
Supervisor (RS, a supervisor of type (v, ) is appointed, where v = ¢ denote his intrinsic
gains from exhibiting dissent and v € (0, 1] his relative status. The S exits the game instantly
after his advice is received. Finally, under Stationary Supervisor (S.S), the S stays during the
decision making and the implementation stage. Our objective is to characterize the ex post

allocation of real authority, and the adoption of projects under different formal regimes.

Absent Supervisor. We start from the Absent Supervisor (AS) where the organization
consists of the P and the M. The timing under AS involves the decision making and the
implementation stage. In the absence of necessary expertise in project identities, a blind
decision is likely to result in the adoption of the disastrous project. Hence, the P either
solicits advice from the M who has better access to information, or preserves the status
quo (i.e. choosing the project 0). Recall that because of the partial congruence between
the two parties, the P prefers the M’s ideal project than her doing nothing. Consequently,
regardless of the state, she always rubber stamps the recommendation of the M who in

turn discloses a signal m); such that x (my;) = (R2,72,0). We have proved:

Proposition 1 (Absent Supervisor Subgame). Under Absent Supervisor (AS), there exists a
unique Perfect Bayesian Equilibrium so that V6 € {0, 1},
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(a) The M recommends my; () € M such that x (ms (0)) = (Ra,72,0);
(b) The P rubber stamps the recommendation of M, i.e. k (mp;) = mas (6).

This result is reminiscent of the equilibrium rubber-stamping in Aghion and Tirole
(1997). As in Aghion and Tirole (1997) and Dessein (2002), the difference between for-
mal and real authority stems from superior knowledge of the M. While retaining formal
authority, the P cedes complete real authority to the M who privately observes ¢ and .
Consequently, while the P maximizes initiative from the M, her interests are undesirable
ex post. Under AS, strategic communication is completely uninformative of the state, and

thus the P’s decision k£ can never be tailored to 6.

Roving Supervisor. Now consider the Roving Supervisor (RS). The P appoints a supervi-
sor of type (v,7) and have the S exit instantly after she receives his advice. The S privately
observes the state # and project identities x. With no access to execution in the final stage,
the S cannot be granted any effective claim on private benefits yielded by the chosen project.
Therefore, under 1S, he never makes the proposal on power sharing. The regime thus
proceeds analogously with AS, except that during the decision making, the M and the S
simultaneously disclose their signals, m,; and mg, respectively. The S obtains the intrinsic
gain v = ¢ from exhibiting difference of opinion (i.e. mg # mys), but never recommends
the disastrous project which delivers —oo to all players. As in AS, the uninformed P has
to rubber stamp the advice of agents. However, faced now with two informed advisers,
she can choose whose recommendation to rubber stamp. Hence, even though she still has
to cede real authority, the P is now able to allocate it ex post between the two agents with
slightly different types.

Let us define the following critical value:

TF (rel0 =0)+ (1 —m) F (r2]0 = 1)
TF (r0=0)+(1—m) F(r]0 =1)

€ (’ilﬂ%u) ) (5)

Ko =

and consider the case where k > k,,. In the absence of information about the state,
with her belief that Pr (§ = 0) = 7, the P prefers her ideal project. That is, R, E [F'(r1|0)] >

RyE [F(r2|0)] if k > Kyy,. Since the M retains his complete control over execution and thus the
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full claim associated with his power, rubber-stamping his recommendation will lead to the
adoption of agents’ ideal project regardless of the state: x (k (6)) = x (k (ma)) = (Ra,72,0).
By contrast, any project delivers nothing to the roving supervisor. So long as the M
recommends her ideal project, the S benefits from disclosure of a different signal mg such
that x (ms) = (R1,71,0). Hence, it is likely that the P rubber stamps the recommendation of
the S who advises her on the adoption of her ideal project. The following result establishes

that the rubber-stamping and disclosure behavior characterizes the unique equilibrium:

Proposition 2 (Roving Supervisor Subgame). Suppose that k > k,,. Under Roving Supervisor

(RS), there exists a unique Perfect Bayesian Equilibrium so that V0 € {0,1},

(a) Collusion between the S and the M fails, i.e. ds (0) dp (0) = 0;
(b) The M recommends m s (0) € M such that x (m; (0)) = (Ra,72,0);
(c) The S recommends mg (6) € M such that x (mg (0)) = (Ry,71,0);

(d) The P rubber stamps the recommendation of S, i.e. k (myr, mg) = mg (6).

In this case, there are conflicts between the P and the M in preferred projects. As
discussed before, without a supervisor, the P is compelled to rubber stamps the M’s advice
in spite of costly loss of control. Nevertheless, in contrast to AS, the P is now faced with
two informed agents with different opinions and able to allocate real authority between
them ex post. In equilibrium, she cedes real authority to the roving supervisor who has
a intrinsic tendency to exhibit dissent in communication and can never benefit explicitly
from any project. Consequently, the P chooses her ideal project, losing the initiative gain
from empowering the M. However, under RS, although signals become more informative
of project identities, they remain completely uninformative of the state. Communication
always exhibits dissension regardless of the state. The P retains her prior belief about ¢
when making her decision, and thus the ex post allocation of real authority cannot be
adapted to the state. Hence, under RS, contingent adoption is still infeasible with private
information.

In general, we cannot rule out there being multiple equilibria under RS if k£ < k,. In

this case, both the P and the M prefers agents’ ideal project ex ante. As discussed before,
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the P retains her prior belief about 6 after communication which always takes the form of
dissension independent of the state. Hence, conflict of interest between the P and the M
vanishes. It is then straightforward that the P can rubber stamps the recommendation of
the M, leading to the regime of de facto AS. Alternatively, one can verify that the following
rubber-stamping and disclosure behavior constitutes another equilibrium: regardless of 0,
the M and the S disclose signals m,,, and mg, respectively, such that x (my) = (Ry,71,0)
and x (mg) = (Rz,r2,0); the P always rubber stamps the recommendation of the S, k = mg.
Note that both equilibria lead to the adoption of the agents’ ideal project. In this case, AS
and RS are equivalent from the perspective of the P. Hence, for the remainder of the paper,

we focus on AS whenever k < k,,,.

Stationary Supervisor. We are now in a position to characterize the equilibrium under
the Stationary Supervisor (SS). Under this regime, the supervisor of type (v,v) stays
in the continuation game when the P’s decision is made and executed. With access to
execution, the S can choose whether or not to initiate a veto bargaining, making a proposal
that the M share the power with him and he recommend the agents’ ideal project. If he
reaches agreement with the M, he obtains credibly partial control over implementation,
which ensures his effective claim on v € (0, 1] of B — ¢ delivered by the chosen project.
Thus, the sequence of events consists of the power sharing, the decision making, and the
implementation stage. If collusion between the two agents succeeds during the power
sharing (i.e. dsdy; = 1), they jointly execute the P’s decision and then divide the net private
benefits by their relative status. As already noted, we assume that v = ¢ > 0. That is,
despite losing the intrinsic gain v from dissension, the S of type (v, y) can benefit from
colluding with the M.? Analogous to RS, faced with two informed agents, the P is able to
allocate real authority ex post. On the other hand, in contrast to RS, with possibility of
collusion, not only dissension but also unanimity may arise in communication under S5,
which provides extra information to the P.

It suffices to focus on the case where k > ;. When « < x; (i.e. in the initiative region),

there is no conflict of interest between the P and the M, both of whom prefer to adopt the

3Specifically, it suffices to presume that 0 < v < T () == v (V (r2]0 = 0) — V (r1]0 = 1)). See Remark 1.
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agents’ ideal project regardless of the state. Consequently, the P’ can always rubber stamp the
recommendation of the M, and the latter in turn disclose m; such that x (mys) = (R2, 72, 0).
Hence, in this case, whatever the formal regime is, the de facto regime reduces to AS where

the P cedes complete real authority to the M. Define the two critical values:

V(T1|9:O)

d7v=1-LVv=2)
and. 7 V ()6 = 0)

Inequality (3) in Lemma 1 establishes that 0 < v <% < 1. Our first main result is:

Proposition 3 (Stationary Supervisor Subgame in the Adaptation and Control Region). Sup-
pose that k > r;. Under Stationary Supervisor (SS), if v < v <7, V0 € {0, 1}, collusion between
S and M always succeeds, i.e. ds (0)dy (0) = 1, so that the equilibrium is equivalent to that
of AS subgame. If v > 7 > v, V0 € {0, 1}, collusion between S and M always fails, so that
the equilibrium is equivalent to that of RS subgame. If v < v <7, there exists a unique Perfect

Bayesian Equilibrium so that:

(W) 1o =0,
(a) Collusion between the S and the M succeeds, i.e. dg (0 = 0)dy (6 =0) = 1;
(b) The M recommends m s (6 = 0) € M such that x (my; (6 = 0)) = (Ra,72,0);
(c) The S recommends mg (6 = 0) € M such that x (mg (6 = 0)) = (Ra,72,0);
(d) The P rubber stamps the recommendations of M, i.e. k (myr, mg) = my (60 = 0).
(ii) If0 =1,
(a) Collusion between the S and the M fails, i.e. ds (0 = 1)dy (6 = 1) =0;
(b) The M recommends my; (6 = 1) € M such that x (my (6 = 1)) = (R, 72,0);
(c) The S recommends mg (6 = 1) € M such that x (mg (0 = 1)) = (Ry,71,0);

(d) The P rubber stamps the recommendation of S, i.e. k (myr, mg) = mg (6 =1).

To see the intuition, first assume that the state of the world is publicly observed. Consider

the case where § = 1. Claim 1 shows that in this case, the P prefers to select her ideal
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project. Nevertheless, suffering from lack of information about project identities, she
can only choose among advice she receives from the informed agents. Consequently, if
agreement is reached during the power sharing and both agents disclose m = my; = mg
such that x (m) = (Ra, 2, 0), the P has to rubber stamp their joint recommendation. Given
that his intrinsic gain from dissent is small, the S has no incentive to deviate his proposal on
disclosure. Hence, collusion between the S and the M leads to the adoption of the agents’
ideal project. The M’s expected payoff from sharing his power is thus (1 — ) V (12|60 = 1).
On the other hand, if the M rejects the S’s proposal, the chosen project delivers nothing
to the S. The continuation game proceeds similarly with that under RS. Specifically, after
observing dissension in the communication, the P rubber stamps the recommendation of
the S who discloses mg such that x (mg) = (Ry,71,0). Therefore, the M’s expected payoff
from rejecting is V' (1|0 = 1). Hence, in this case, the M’s benefit of sharing power with

the S of type (v, ), denoted A, (§ = 1), is given by
Ay@=1)=1=-NV(rld=1)-V(nld=1)=(y—7)V(rld=1). (7)

That is, the M accepts the S’s proposal at state § = 1 if and only if the S’s status -, which
determines the division of net private benefits, is sufficiently small that 0 < v < 7. Anal-
ogously, consider the case where # = 0. When x; < k < k,, by Claim 1, the P prefers
the agents’ ideal project. As discussed before, in this case, she always rubber stamps the
recommendation of the M, ignoring the S’s advice. Consequently, retaining complete
control over execution, the M never shares his power with the S. In contrast, when « > &,
misaligned interests entail costly loss of control, so that the P prefers her ideal project.

Then, similar to earlier analysis, the M’s benefit of sharing power with the S of type (v, ) is
Au(@=0)=1=7)V(rlf=0)=V(nf=0)=F-7)VI(|f=0). (8)

Therefore, at state § = 0, the M colludes with the S if and only if 0 < v < 7. We summarize

as follows:

Observation 1 (Collusion when the State is Publicly Observed). Suppose that k > ;. If the
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state of the world 0 is publicly observed, then:

(i) f0<y<y <7,

(a) When 6 = 0, collusion between the S and the M fails (i.e. dps (0 =0) =0) if k) < k <

Ky, and succeeds (i.e. dy (0 = 0) = 1) if K > Ky,

(b) When 6 = 1, collusion between the S and the M succeeds (i.e. dp; (0 = 1) =1).

(i) Ifvy<v <7,

(a) When 6 = 0, collusion between the S and the M fails (i.e. dps (0 =0) =0) if k) < k <

Ky, and succeeds (i.e. dy (00 =0) = 1) if & > Ky,

(b) When 6 = 1, collusion between the S and the M fails (i.e. dy; (0 = 1) = 0).
(iil) Ify>7 > 7,
(a) When 6 = 0, collusion between the S and the M fails (i.e. dp; (0 = 0) = 0);

(b) When 6 = 1, collusion between the S and the M fails (i.e. dp; (0 = 1) = 0).

Collusion depends on the state of the world. From the perspective of the M, sharing
his power with the S ensures the adoption of the agents’ ideal project, but limits his ability
to extract surplus in the final stage. This trade-off depends on the supervisor’s type and
the state. When the M is faced with a supervisor of status 7, collusion entails a costly
loss of v of his claim on the net private benefits. On the other hand, inequality (3) in
Lemma 1 establishes how increases in surplus induced by collusion change between states.
Specifically, the effect of collusion on increasing the total net private benefits can be captured
by the ratio V' (r2|6) /V (r1|f). Lemma 1 shows that the magnitude of this effect is larger
at state § = 0 than at state § = 1. The intuition is transparent: when ¢ = 0, failure of
the chosen project is more likely to happen, which increases relative stakes of aggregate
initiative, and thus the magnitude of the incentive effect of collusion. Hence, consider
the case where 7 < v < 7 and k > k,. In this case, the status of the S is moderate, and
failure of collusion leads to the adoption of the P’s ideal project. When ¢ = 0, compared to

disagreement, increased total surplus delivers more expected gain to the M under collusion,
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even though he has to relinquish v of his claim. Consequently, he accepts the proposal of
the S. In contrast, insofar as the incentive effect of collusion is of smaller magnitude at state
¢ = 1, limited ability to extract surplus makes the M worse off under collusion despite the
adoption of his ideal project. Therefore, when 6 = 1, the M never reaches agreement with
the S.

Return to our setting where information about the state is private, and focus on the
nontrivial case where v < v < 7. Analogous to the situation under public information,
collusion leads to an increase in the total expected private gain so long as the two agents
disclose m = my; = mg such that x (m) = (Ry,79,0). In addition, when the state 6 is
privately observed by the agents, a second motive is added to the M’s incentive for collusion:
to avoid an adverse inference that the P attaches to dissension in communication. As already noted,
for the M, when 6 = 1, the loss from limited ability to extract surplus outweighs the benefit
from the adoption of his ideal project under collusion. Hence, dissension in communication
(i.e. my # mg) would indicate that collusion between the agents fails, and thus the state is
very likely to be ¢ = 1. Proposition 3 confirms the intuition, showing that in equilibrium,

the P’s posterior beliefs about the state of the world are given by

(1 —m)Pr(mpy # mgld =1)
7Pr (my # mglf = 0) + (1 — ) Pr (ma # mglf = 1)

Pr (0 = 1|mp # mg) = =1, (9)

(1 —m)Pr(my = mgld = 1)
7Pr (mp = mgld = 0) + (1 — ) Pr (ma = mglf = 1)

If collusion between the S and the M fails, the P will observe dissension in communication
and make her decision given her updated belief that # = 1. Because « > x;, the P prefers
her ideal project ex post. Therefore, given that the M rejects the proposal of the S, the
continuation game proceeds analogously to RS. Faced with two different signals, the
P rubber stamps the recommendation of the S, and the S discloses mg (6 = 1) such that
X (mg (0 =1)) = (Ry,72,0). When 6 = 1, the M never accept the S’s proposal even though
his rejection leads to the adoption of the P’s ideal project, and thus the collusion, disclosure,
and rubber-stamping behavior constitutes an equilibrium. More subtly, consider the case

where § = 0 and x; < k < K,. Recall that in this case, were the state publicly observed,
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both the M and the P would prefer the agents” ideal project. Consequently, the P would
rubber stamps the recommendation of the M, and the M would reject the S’s proposal.
Under private information, however, dissension associated with disagreement makes the P
believe falsely that # = 1, which leads to the adoption of the P’s ideal project. As discussed
before, when 6 = 0, even if he has to lose v of his claim, the M still prefers her ideal project.
Hence, to avoid such an adverse inference that the P attaches to dissension, the M shares
his power with the S, ensuring that communication exhibits unanimity. By the same token,
once agreement is reached, the S has no incentive to disclose a different signal given that
his intrinsic gain from dissent is small. Therefore, when 6 = 0, collusion between the S
and the M succeeds and both agents disclose m = my; = mg such that x (m) = (Rz,r2,0)
in equilibrium. Observing unanimity in communication, the P rubber stamps their joint
recommendation.

In contrast to RS, signals disclosed by the two agents are perfectly informative of the
state under SS if the status of the S is moderate (i.e. ¥ < < 7%). In equilibrium, the P
observes dissension in communication when ¢ = 1 and unanimity when 6 = 0. Hence,
she is able to update her beliefs about # when making her decision, and thus the ex post
allocation of real authority can be adapted to the true state. Specifically, when 6 = 0,
the P cedes to the M real authority which he shares with the S under collusion. On the
other hand, when 6 = 1, she cedes it to the stationary supervisor who gains intrinsically
from dissent and fails to obtain control over execution. Consequently, at state § = 0, she
maximizes aggregate initiative from the agents despite costly loss of control; at state ¢ =1,
she chooses her ideal project, while losing the initiative gain. Hence, under S'S where the
uninformed P is faced with two informed agents with slightly different opinion and similar
relative status, strategic communication allows for equilibrium adoption that is contingent

on the state of the world.

5 Equilibrium Choice of the Formal Regime

This section studies the P’s equilibrium choice of the formal regime during the organization

design, and the emergence of adaptive diarchy. As before, the foregoing analysis presumes
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that the type of the supervisor, (v, ), is exogenously given. We postpone the justification
for this assumption until Remark 1 at the end of this section. The three propositions in the
previous section establishes the equilibrium adoption of projects under different formal
regimes. Compared to the complete-information benchmark summarized in Claim 1, the
optimal adoption in the initiative region and the control region can be achieved under AS
and RS, respectively. That is, in equilibrium, f (k) = ASif 1 < k < K, and f (k) = RS if
k > k,. Hence, we focus on the adaptation region (x;, k).

By Proposition 3, if y <y <% ory > 7 < 7, from the perspective of the P, SS reduces
to AS or RS. Therefore, in the two cases, it suffices to compare AS with RS. As already
noted, when x; < k < Kk, RS is equivalent to AS in terms of the adoption of a project. For
expository convenience, we suppose that f (x) = AS in this case. When k,,, < k < k,, the

P’s expected payoffs from AS and RS are respectively:
Up® (k) = TRy F (126 = 0) + (1 — 1) RoF (r2]6 = 1), (11)

UES (k) =R F (r|0 =0) + (1 — ) Ry F (r|0 = 1). (12)

The difference between UE® (k) and UA (k) is thus given by
URS —UR® = RoE[F (r1]0)] (K — im) > 0. (13)

Hence, when k,, < k < k,, the P chooses RS. In this scenario where the status of the S
is too large or too small, the P fails to solicits information about the state under S'S, and
she has to compare costly loss of control with the initiative gain ex ante given her prior
belief. Impossibility of ex post adaptation entails a welfare loss for the P. Specifically, she
addresses neither her control concerns at state # = 1 when «; < k < k,, nor her initiative
concerns at state § = 0 when k,,, < kK < K.

Now consider the case where the status of the S is moderate. That is, v <y < 7. By
Proposition 3, under S5, signals disclosed by the two agents are now perfectly informative

of the state, and thus the P can make decisions tailored to §. The expected payoff of the P
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from SS is

USY (k) = TRyF (3]0 = 0) 4+ (1 — 7) Ry F (r1]0 = 1) . (14)

It is straightforward that from the perspective of the P, SS dominates either AS or RS in

the initiative region (x;, k). Specifically, we have

USY (k) —URS (k) = (1 — ) RoF (1|0 = 1) (k — 17) > 0, (15)

J/

TV
the control gain at § = 1

and, when k,,, < Kk < Ky,

USS (k) —UBS (k) = TRy F (r1]0 = 0) (ky — &) > 0. (16)

i

~
the initiative gain at = 0

Allowing for contingent adoption ex post, S5 addresses both the control concerns and the
initiative concerns when x; < k < k,. On the one hand, compared to AS, the P knows that
¢ = 1 when observing dissension in advice, and is able to adopt her ideal project at this
state. On the other hand, compared to RS, collusion becomes possible, and the agents’
aggregate incentives for execution are maximized at state # = 0 even when x,,, < K < K.

Hence, our main result concerning the equilibrium choice of the formal regime is:
Proposition 4 (Equilibrium Choice of the Formal Regime). In equilibrium,

(@) Ify <y <7Jjory >7 > v, the P chooses the Absent Supervisor, i.e. f (k) = AS, when

K < K, and chooses the Roving Supervisot, i.e. f (k) = RS, when k > kK,

(b) If v < v < 7, the P chooses the Absent Supervisor, i.e. f (k) = AS, when k < K;; and
chooses the Stationary Supervisor, i.e. f (k) = SS, when k; < k < k,; and chooses the

Roving Supervisor, i.e. f (k) = RS, when k > k,.

Figure 1 illustrates Proposition 4. We say that adaptive diarchy emerges if the P chooses
S'S during the organization design in equilibrium. Emergence of adaptive dairchy depends
on the type of the supervisor, (v, y), and misalignment of interests, x. That is, the P chooses
SS when the S is of moderate status and conflict of interest is of moderate magnitude. By

Proposition 3, adaptive diarchy is characterized by three features: existence of a stationary
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Figure 1: Equilibrium choice of the formal regime f (x) and ex post allocation of real
authority % ()

supervisor, adaptive allocation of real authority, and the combination of slight difference of opinion

and similar relative status. Let us discuss each one:

e Existence of a stationary supervisor: Appointment of a supervisor with a tendency to
exhibit dissension makes information about her ideal project revealed in commu-
nication. As discussed earlier, under both RS and S5, the P ends up choosing her
ideal project under some conditions. However, if the S is roving without any access
to execution in the final stage, the P retains her prior belief about the state, and thus
her decision k (my;, mg) can never be tailored to 6. That is, RS is diarchial but not
adaptive. In contrast, when the S is stationary, collusion between the two agents
becomes possible. Consequently, depending on 6, their strategic disclosure exhibits
dissension or unanimity, from which the P in turn acquires information about 6.
Under S5, the two signals m,; and mg are perfectly informative of the state. The P is
then able to make her decision k that is contingent on the true state. Hence, under
appropriate conditions specified in Proposition 3 and Proposition 4, existence of a

stationary supervisor leads to adaptive diarchy.

o Adaptive allocation of real authority: Abusing notation, we write the equilibrium ex

post allocation of real authority as k (0) € {m; (6),mgs (0)}. During the decision
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making, the P cedes real authority to the informed agent whose recommendation she
rubber stamps. Figure 1 depicts & (0) associated with different equilibrium choices
of formal regimes. Notice that when the P chooses 'S in equilibrium and adaptive
diarchy emerges, k () is contingent on §. Specifically, when § = 0, the P cedes
real authority to the M who has shared his power with the S to ensure unanimous
advice in communication. On the other hand, when # = 1, real authority within the
organization is held by the S who never advocates the M’s advice with his proposal
on collusion being rejected by the latter. Under S5, the P makes her decision after
having known the true state and success/failure of collusion, which causes the ex
post allocation of real authority to be tailored to 6. Hence, although ex ante contingent
delegation is impossible with the P’s lack of necessary expertise, the allocation of real authority

is adaptive ex post when adaptive diarchy emerges.

o The combination of slight difference of opinion and similar relative status: As already seen,
the type of the S, (v, v), matters for disclosure behavior under SS. We say that 5.5
is effective if signals m,; and mg are perfectly informative of the state in equilibrium;
otherwise, it becomes ineffective and reduces to AS or RS. Figure 2 illustrates how the
equilibrium choice of the formal regime depends on the type of the S in the initiative
region, with details discussed in Remark 1. As shown in the figure, S5 is effective
under two conditions concerning the supervisor’s type. First, the intrinsic gain that
the S obtains from dissension is positive but sufficiently small that 0 < v < v (7). Were
difference of opinion too large, the S could never commit to unanimous advice in
communication so that collusion between the two agents would always fail. S.S would
reduce to RS. Second, the S is of similar relative status in the sense that v < v < 7.
Were v < 7 or v > v, the M would accept or reject the S’s proposal regardless of the
state. Hence, adaptive diarchy emerges with two agents of slight difference of opinion and

similar relative status.

Remark 1. We have thus far assumed that the supervisor’s type (v, ) is exogenously given
and, in particular, v = €. In contrast, we can suppose that the P selects a supervisor from an

available pool when choosing S'S during the organization design. Because adaptive diarchy
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Figure 2: Type of the supervisor (v, v) and equilibrium choice of the formal regime f (x, v, )
in the adaptation region (r;, )

leads to optimal adoption of projects in the initiative region, when there is a rich pool of
possible supervisors in terms of their types (v, ), the P prefers to appoint a supervisor to
make S'S effective. Specifically, by Proposition 3, the necessary condition for it is that the
two agents have similar relative status. That is, v < v < 7. Given the supervisor’s status v,
should his proposal be accepted by the M at state § = 0, he commits to recommending the

agents’ ideal project and ensuring unanimous advice if
v<T(7) =7 (V(ra|f =0) =V (2|6 =0)). (17)

Hence, SS is effective in the adaptation region if and only if the supervisor is of type (v, )
such that
0<v<v(y) and v <7y <7. (18)

If the available pool is sufficiently rich, in the adaptation region, the P will appoint a
supervisor whose type satisfies (18). However, if the P is faced with a very limited pool
of potential supervisors, an appropriate one may never exist, so that she can only choose
between AS and RS during the organization design. It is often the case that an organization

fails to find a supervisor who has only slight difference of opinion. Hence, to keep matters
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simple, we either assume that the P can select a supervisor from a rich pool or that the type

of the S is exogenously given and, especially, v = € > 0.

6 Dynamic Extension and Regime Shift

We have studied the conditions that adaptive diarchy emerges in equilibrium, highlighting
how strategic communication allows for ex post allocation of real authority under effective
SS. However, as already seen in the introduction, it is often the case that adaptive diarchy
appears as a result of regime shift, with roving supervisors being initially chosen and
gradually becoming stationary. In this section, we embed our baseline setting in an infinite-
horizon model to rationalize this historical regime shift. Specifically, we introduce the need
of experimentation for the P (Bergemann and Hege (2005)), and investigate implications
this has on the regimes shift. The main idea is that given that the P cedes execution of her
decisions to agents, she is now uncertain about the feasibility of her ideal project at the
outset. Consequently, she has to adjust her choices of formal regimes when learning about
the actual extent to which enhancement of control erodes agents’ participation. Adaptive

diarchy emerges following some histories of outcomes.

Learning Concerns. To introduce the learning concerns of the P, we assume that she is
initially uncertain about the feasibility of her ideal project. Specifically, the payoff of the
project is now (Ry, 7, 0) with 71 € {0, r;}. By Assumption 1, if 7; = 0, the project will never

be implemented by agents regardless of the state. The prior belief of the P is
Pr(ri =r)=a9€(0,1). (19)

To keep things simple, we assume that the P lives infinitely, whereas all agents (the M and
the S) lives only one period. Therefore, in each period, the P chooses the formal regimes and
appoints new agents. We suppose that the available pool of possible agents is so rich that we
can treat their types as exogenously given (see Remark 1). Hence, our analysis in this section
presumes that all supervisors have difference of opinion, v = ¢ > 0, and relative status, 7 <

v < 7. All agents privately observes ;. Because all signals are soft or nonverifiable, agents
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always claim that 7, = 0, so that communication about 7; is completely uninformative.
Hence, we can still restrict attention to cheap-talk recommendation. Moreover, we assume
that in each period, the state of the world § and project identities x are independently

redrawn. Hence, the P can only sequentially learn the feasibility of her ideal project, 7.

Stage Game. We focus on the case where k > k,, so that the P prefers to adopt her ideal
project should she know that 77 = r;. Consequently, she always appoints a supervisor,
choosing between RS and SS. In each period ¢ = 0,1, 2, ..., the P’s belief about 77 is o.

Analogous to the baseline model, the timing of the stage game is as follows.

1. Organization design: The P chooses the formal regime, f; € {RS, SS}, and appoints
new agents. The S is of type (v,7) satisfyingv = ¢ > 0and 7 < 7 < 7. Agents

privately observes 7.

2. The state of the world 6, € {0, 1} and project identities x; : N' — R are redrawn. Both
¢, and y; are privately observed by agents. The P has prior belief that Pr (§; = 0) = 7.

3. Power sharing: The S and the M choose whether or not to reach agreement on power

sharing in a veto bargaining.

4. Decision making: The M and the S simultaneously disclose m; ¢, ms: € M. The P

then makes her decision k, € N.

5. Implementation stage: Observing the implementation cost ¢; drawn from distribution

F (-16;), agents choose whether or not to implement the chosen project.

Denote by z; € {0, 1} the failure (z; = 0) or success (z; = 1) of the P’s decision k. Notice
that in each period ¢, the stage game depends only on the P’s belief «;. Hence, our solution
concept is Markov Perfect Equilibrium, which we refer to as simply equilibrium in this

section.

Two mechanisms of Learning. Consider the stage game in period ¢ with the P’s belief o,
given. Under both RS and S, the P can end up with learning the feasibility of her ideal

project, albeit through distinct mechanisms. Let us outline each one:
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o Delegated experimentation under RS: If f, = RS, the agents disclose two different signals
mary and mg, such that x (mar¢) = (Ra, 72, 0) and x (mgs¢) = (Ry,71,0). Hence, rubber-
stamping the recommendation of the S, the P can learn 77 directly from the outcome of
execution. While failure of her ideal project (z; = 0) provide evidence indicating that
71 = 0, success (x; = 1) is a vindication of its feasibility. Denote @ := 1 — Ey [F' (r1]60)].
Under RS in period ¢, the P’s posterior belief about 71, conditional on the outcome of
execution z, is computed via Bayes rule:

QT

Q1 = o’ (o) =Pr(ri =rijze =0) = m < O, (20)
- g t

a1 =Pr(rm=rz,=1)=12> aq. (21)

The speed of learning from delegated experimentation under RS depends on the
extent to which the P can attribute failure to the event 7; = 0 rather than the event
¢ > r1. Notice that 7 captures the probability that the P’s project fails when 7 = r;.

Hence, it is straightforward that learning under RS is more rapid the smaller 7 is.

o Adaptive communication under S.S: Because the two agents are of slight difference of
opinion and similar relative status, communication under S'S can be expected to take
the form of either dissension or unanimity, depending on # and ;. The logic proceeds
similarly with that underlying Proposition 3. Should 7; = 0, the M will accept the S’s
proposal, regardless of the state, to ensure unanimous advice, lest the P chooses to
adopt her ideal project with a false inference about its feasibility that she attaches to
dissension. On the other hand, if 7; = r;, as already seen, collusion between the S and
the M succeeds when 6 = 0, and fails when 6 = 1. Hence, signals disclosed by the
two agents are informative of not only # but also 7; under SS. Whereas dissension
in communication vindicates the viability of her ideal project, unanimous advice
by agents implicitly warns the P against enhancement of control. Specifically, her

posterior belief following communication is

R T
Q1 = s (o) =Pr(ri =rilmuye = msy) = t < ay, (22)

1—0@—1—0@71’
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Q1 = Pr (7 = ri|may # mgy) =1> . (23)

The speed of learning from adaptive communication under SS depends on the extent
to which the P can attribute unanimous advice to the event ; = 0 rather than the
event § = 0. Hence, learning under SS' is more rapid the smaller 7 is. It is worth
noting that the P’s ideal project is adopted only after she has observed dissension
in communication and known that 71 = r;. Consequently, in contrast to RS, the

outcome of execution reveals no extra information to the P under SS.

Dynamic Choices of Formal Regimes. Let IV : [0, 1] — R denote the P’s value function.
Suppose that x > k,. In each period ¢, her belief about 75 is given by «,. If choosing RS,
she rubber stamps the recommendation the S who discloses mg; such that x; (mg;) =

(R1,71,0).* Hence, her continuation expected payoff from f; = RS is given by

W (ay) = aumRLF (1) 4 oy (1 — ) RyF (1) (24)
+6o (L=T)W (1) 4+ (1 — a+7a) W (o () .

If choosing S'S, the P rubber stamps the recommendation of the M if she receives unanimous
advice (my; = mgy), and that of the S if she observes dissension in communication

(mary # mg,). Consequently, her continuation expected payoff from f; = S5 is

W9 (o) = TRy F (ra|0 = 0) + o (1 — ) Ry F (110 = 0)
+ (1 —oy) (1 —7) RyF (r3]0 = 0) (25)

+oa(l—m)W (1) +6(1—ap+am) W (o (o)) -

The equilibrium choices of formal regimes can be characterized by the following condition:

W () = max {W" (a,) ,W* ()} forall oy €[0,1]. (26)

“Rigorously, the P may choose to rubber stamps the recommendation of the M should her belief «; is
sufficiently low. However, in this case, SS strictly dominates RS in terms of both adaptation concerns and
learning concerns of the P. Hence, to keep matters simple, we ignore this case in the text, presuming either
that «; is not too low or that « is very large.
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We can now state:

Proposition 5 (Dynamic Choices of Formal Regimes). There exists o* (k) such that o* (k) is
decreasing in r and lim,,_,,., o* (k) = 1. Suppose k > k,,. There exist a Markov Perfect Equilibrium
so that in each period t, the P chooses Roving Supervisor, i.e. f; = RS, if oy > o* (k); and chooses

Stationary Supervisor, i.e. f, =SS, if oy < o* (k).

To understand this result, notice that when x > k,,, the P has two concerns: the initiative
concerns and the control concerns. In contrast to the static model, the former concerns
stem from not only the state ¢, but her ideal project’s feasibility 71 as well. That is, on the
one hand, faced with the state-dependent trade-off between initiative and loss of control,
the P may prefer to make her decision that is contingent on 6; on the other hand, she has to
ensure the participation constraint should 7; = 0. In Claim 1 and Proposition 4, the relative
magnitude of the two concerns depends solely on conflict of interest x. Were 71 = 4, the
control concerns should have dominated when « > k,. However, because of the uncertain
teasibility, it is now determined by the P’s belief «, in addition. If her belief is sufficiently
low, it matters more to ensure the participation constraint of agents. Consequently, the
adaptation concerns emerges, and the P prefers to choose S'S under which she is able to
make her decision tailored to 7;. To the contrast, if she believes that it is very likely that
her ideal project is feasible, the P will prioritise her control concerns, appointing a roving
supervisor to solicit dissenting advice.

To see the implication that Proposition 5 has on the regime shift and the emergence of

adaptive diarchy, the following corollary may be useful.

Corollary 1 (Regime Shift). There exists x* (oy) such that x* (coy) is decreasing in oy, and
limy, 0 £* (o) = +o0. Suppose k > k,. There exist a Markov Perfect Equilibrium so that
in each period t, The P chooses Roving Supervisot, i.e. f, = RS, if K > r*(ay); and chooses

Stationary Supervisot, i.e. fp =SS, if Kk < K* (o).

Figure 3 depicts a possible equilibrium path through which formal regimes evolves
from RS to SS. From the perspective of the P who is uncertain about the feasibility of her

ideal project, the adaptation region covers (x,, * (a;)). If £ > k* (o), she chooses RS at
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Figure 3: Equilibrium Regime Shift from RS to SS

the outset. However, if execution of her initial decision turns out to fail, she downgrades
her belief and extends the perceived adaptation region rightward. Should she witness so
many failures associated with her enhancing control that x* (o) > &, she will choose SS to
make her decision adaptive, tolerating collusion between agents to avoid costly violation of
their participation constraint. Hence, adaptive diarchy emerges in the process of the P’s learning
about the extent to which enhancement of control erodes agents” participation. Notice that once
the P observes a success under RS or receives dissenting advice under S5, the feasibility
of her ideal project will be vindicated. Henceforth, she will return to RS and never adjust
formal regimes. In this sense, SS evolving from RS in the region (x,, +00) is not stable.
However, one can think that the P may be faced with adjustment costs increasing with time.
Then, at some point of time, even if she observes dissension in communication, changing
the formal regime from S'S to RS might impose high adjustment costs to her that outweigh
the benefits from eliminating collusion between agents. Consequently, in this scenario, the

P chooses to preserve SS.

7 Conclusion

This paper explores the rationale behind diarchy in lens of organizational economics. We
start from four intriguing features observed in diarchial regimes prevailing in China. First,
one of the agent is the de jure stationary supervisor appointed by the principal. Second, and
most importantly, the allocation of authority is ex ante ambiguous. Third, the two agents
have similar status, ranks, and even other types. Finally, it is often the case that roving
supervisors become stationary, and de facto diarchy emerges. Our model focuses on the ex
post allocation of real authority within a diarchial organization, allowing for collusion be-

tween the agents. In equilibrium, we establish the conditions under which adaptive diarchy
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emerges in equilibrium. We show that by appointing a stationary supervisor with slight
difference of opinion and similar relative status to oversee an informed agent, the principal
can makes her decision tailored to the state of the world. Although ex ante contingent
delegation is impossible, the ex post allocation of real authority is adaptive when diarchy is
effective. Our results exemplify how bureaucracy can accommodate adaptation and control
in the face of rigid formal institutions. By introducing some seemingly inefficient regimes
with inherent ambiguity, the allocation of de facto authority within an organization can be

surprisingly adapted to a changing world.
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Appendix

Proof for Lemma 1

Suppose Support(F(:|6)) = [z, T] C (0, 4+00).
For Vz € (z,7], if 2/ < x, then MLRP implies that f(z|0 = 0)f(2'|0 = 1) > f(z|0 =
1)f(2'|0 = 0). Therefore, f(x|6 = 0) f; f(@'0 = 1)da' > f(z]f = 1)f£ f(2'6 = 0)dx’.

Hence, f(z|0 = 0)F(z|0 = 1) > f(z|0 = 1)F(z]6 = 0).
F(z]0 = 0) d F(a6=0),  f(@lf=0)F(ld=1) - f(2l6 = )F (a6 =0) _

is thus increasing: — =
is thus increasing da:(F(x|9=1)> Flzlf = 1)

F(zlo = 1)
0 Hence, GG < Fg= ) = 1< =) < oo

%(vuw)) — F(2l0) = V(«]0) = [ F(s/0)ds. Therefore, ? Ei:z - (1); . § i(z:z - ?;ZZ _
% (here we use the fact that % is increasing). Hence, @(%) >
0 — 0< V(rl0 =0) V(r|0=1) <1

V(ral0 =0) V(|0 =1)

Proof for Proposition 2

For k > k,,, P prefers the project with payoff (R,r1,0). S will leave the game before
the implementation stage. Hence, collusion will surely fail (dy;ds = 0). In equilibrium,
mg # mys (otherwise S cannot receive rewards from communication and has an incentive
to diverge).

If x(mu) = (R1,71,0) and x(mg) = (Ra, r3,0), then k = my, is P’s optimal strategy. M,
however, prefers to diverge given k = my,. If x(ma) = (Rz,72,0) and x(ms) = (Ry,71,0),
then k = mg is P’s optimal strategy. Together, this is a perfect Bayesian equilibrium and is
unique.

For k < ky,, P prefers the project with payoff (Rs,r,0). Similarly, there exist two
perfect Bayesian equilibria: (1) x(ma) = (R2,72,0), x(ms) = (Ry,71,0) and k = myy; (2)
xX(mar) = (R1,71,0), x(ms) = (R, 12,0) and k = mss.

41



Proof for Proposition 3

Aslong as v > 0, S always prefers ds = 1 to ds = 0. Therefore, whether or not collusion
succeeds depends on the value of d,,. For P, her strategies are characterized by her belief

of # when m,; # mg. Her belief is shown as follows:

0 =0if my; # mg

For k € (ki, ky), P prefers the project with payoff (Rs, 3, 0) if she believes 6 = 0, which is
the preferred project of M. Therefore, M has no incentive to collude with S and my; # mg
regardless of . P thus forms a wrong belief.

For k > k,, P always prefers the project with payoff (R;,r;,0). Therefore, M has an
incentive to collude with S. If (1 —~)V (rs]6) > V(r1]6), then dp(6) = 1 and mp,(0) = ms(6).
The belief of P suggests that m;(f = 1) = mg(f = 1), which implies that (1 — )V (r3]0 =
1) > V(71|60 = 1). Therefore, (1 —~)V (2|0 = 0) > V (r1|0 = 0) (according to Lemma 1) and

ma (0 = 0) = mg(8 = 0). Hence, m); = mg regardless of §. P thus forms a wrong belief.

0 =1if my; # mg

When 6 = 1, P prefers the project with payoff (R;,r;,0). Therefore, M has an incentive to
collude with S. As v € (r,7), then dy(f = 0) = 1 and dy, (0 = 1) = 0. Hence, there exists

an only perfect Bayesian equilibrium as described in the proposition.

P cannot infer the value of 0

For k € (ky, k,,), with this belief, the best that P can achieve is maxz{ Ry E[F(r1|0)], RoE[F(r2|0)]},
which is smaller than 7Ry F'(12|6 = 0) + (1 — m) Ry F'(r1|6 = 1) (the expected payoff achieved
under the equilibrium described in the proposition).

For k > k,, P always prefers the project with payoff (R;,r;,0). Therefore, M has an
incentive to collude with S and they will collude if and only if § = 0 (since v € (r,7)). This
suggests that P can infer the value of §. P thus forms a wrong belief.

In sum, the equilibrium described in the proposition is the unique perfect Bayesian

equilibrium.
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Proof for Proposition 5

Denotes IV (a;) as the value function (i.e., the expected utility of P under equilibrium path
at period ¢ with belief o).
If P chooses RS at period ¢, then the expected utility W, (o) equals:

fOét fOét

Wilow) = ou[(1 — F)Ry + 6(1 — 7)W (1) + 07W( ) + (1 — a,)sW(

1—Oét+ﬁOét 1—Oét+ﬁ06t

= a1 =T)R1 + a6(1 = T)W (1) + 6(1 — ay + Ta) W (

ﬁO[t

1— o +7ay”
If P chooses SS at period ¢, then the expected utility W(a;) equals:

yes

Wa(ay) =c{m[RoF(r2|0 = 0) + W ( N+ (1 —m)[RiF(r]0 = 1)+ W (1)]}

1—Qt+ﬂ'0{t

«
+ (1= Q)RR ()] + 6 (;—t—

—ay(1 = )Ry + RoE[F(r2]0)] — au[r RiF (1110 = 0) + (1 — m)RoF (o]0 = 1)]

+ Oét5(1 — T)W(l) + 5(1 — Qg + WOét)W<m .
- Ot t

Hence, we have:
W () = maz{Wi(ay), Wa(ay)}. (27)
1
By setting oy = 0, we get: W (0) = T3
W(l) = ﬁ(l — 7)R;. Substitute W (1) and we get:

RyE[F(r9|6)]. By setting a; = 1, we get:

Wl(Oét) = 1_ 5 (]_ — W)Rlat + 5(]_ — O + Wat)W(m .
1—0m _
Wa(aw) ={ T (1 =7)Ry — [rR1F(r1]0 = 0) + (1 — m)RaF(1r2]0 = 1)] }oue

O

+ (1 — o + may) W ( ) + RoE[F(12]0)].

T—a+ 7

Define C'[0,1] = {G|G : [0,1] — R and G is continuous}. We now prove that there exists
a unique W € (0, 1] that satisfies equation (27). The existence of W will be shown later.
We first prove that the solution to equation (27) is unique.

Suppose W is a solution to equation (27) and W; and W, are constructed as above.
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W5 (0) > W1(0), Wa(1) < Wi(1) and W(+) is continuous. Therefore, xy = inf{z|W;(z) >
Wy(x)} € (0,1). For z € [0,z0], Wa(z) > Wi(z), so W(z) = Wy(z). Denotes g(x) =

%. g(z) < x and lim,, o, ¢ () = 0 (z € (0,1)). Therefore, by iteration, we have:
— X T

W(x) = Wa(x) = Apgz + Bo(z € [0, x¢]), where

0 HR — _157T [TRiF(ri|0 = 0) + (1 — 1) RoF(ro]0 = 1)] — 0 _5(51)(—1 71)(5%)

RyE[F(r2|0)].

By =

For any x > x, by iteration, we can also settle down the value of W (z). W is therefore
unique and is a piece-wise linear function.
We can solve z, by noticing that W, (zo) = Wa(zo):

Ry B[F (r5)0)]

— gﬁ TR F(r1]60 = 0) + (1 — 1) RaF(rad = 1)] + 2T

To =

] )
ngE[F(TQW)]

R
It is easy to verify that z is a decreasing function of k = —-. Denote the “implied
2

as the inverse function of =, and we have x* () which is a decreasing

//*

misaligned interest
function of z.

Denote ¢(z) = . Then ¢(z) is increasing and lim,,_,o, ™ (z) = 1 (z € (0,1)).

— 0T

1—90
and B,, = 0B, (n =1,2,...). It is easy to see that A, is increasing and B,, is decreasing.

T+ (-7
Define z,, = ¢(x,—1)(n = 1,2,...). Define A, =

(1-7T)Ry + o7A,—1 —0(1 —7)B,_1

Set W(z) = A,z + B, for x € [x,_1,x,] (x_1 = 0). We can easily verify that W (-) is a
solution to equation (27).

By construction, for = € [0, z), Wa(x) > Wi(x); for x € (x¢, 1], Wi(x) > Wa(z). There-
fore, z is the threshold which satisfies: when «; < z(, P chooses SS; when o; > x(, P
chooses RS. On the other hand, x*(«a;) is the threshold which satisfies: given a;, when
Kk > Kk*(ay), P chooses RS; when k < k*(ay), P chooses SS.
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